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PEDIATRIC RESSUSITATION 


Pediatric Resuscitation 

This section will include: 

1- Basic life support 

2- Advanced life support 

3- Post resuscitation care 


Basic life support 


BLS Healthcare Provider 

Pediatric Cardiac Arrest Algorithm for 2 or More Rescuers—2015 Update 



© 2015 American Heart Association 
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PEDIATRIC RESSUSITATION 


AIM SHAMS UNIVERSITY 

1- Assess the Need for CPR: If the victim is unresponsive and is not breathing (or only 
gasping), send someone to activate the emergency response system. 

2- Pulse Check: healthcare providers may take up to 10 seconds to attempt to feel for 
a pulse (brachial in an infant and carotid or femoral in a child). 

3- Inadequate Breathing with Pulse: If there is a palpable pulse above 60 per minute 
but there is inadequate breathing, give rescue breaths at a rate of about 12 to 20 
breaths per minute (1 breath every 3 to 5 seconds) until spontaneous breathing 
resumes. 

4- Bradycardia with Poor Perfusion: If the pulse is <60 per minute and there are signs 

of poor perfusion (ie, pallor, mottling, cyanosis) despite support of oxygenation 
and ventilation, begin chest compressions. 

5- Chest Compression: 

• Rate: 100 to 120/min. 

• Depth: depress the chest at least one third the anteroposterior diameter of the 
chest in pediatric patients. 

Infants: 1.5 inches (4 cm) 

Children: 2 inches (5 cm) 

Adolescents: 2.4 inches (6 cm) 

• Finger and Hand Placement: 

For infant, lone rescuers: 2 fingers placed just below the intermammary 

line. 

2 rescuers: 2thumb-encircling hands technique. 

• Chest Recoil: Allow complete chest recoil after each compression to allow the 
heart to refill with blood. 

• Minimizing Interruptions of chest compressions. 

6- Ventilations: 

• After 30 compressions (15 compressions if 2 rescuers), open the airway with a 
head tilt-chin lift and give 2 breaths 

• Bag-mask ventilation is an essential CPR technique for healthcare providers 

• Effective bag-mask ventilation requires a tight seal between the mask and the 
victim ’v face. Open the airway by lifting the jaw toward the mask making a 
tight seal and squeeze the bag until the chest rises 

• Three fingers of one hand lift the jaw (they form the “E”) while the thumb and 
index finger holds the mask to the face (making a “C”). 

• Cricoid pressure may be considered to decrease gastric inflation which may 
interfere with effective ventilation and cause regurgitation. 
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8- Coordinate Chest Compressions and Ventilations 

• A lone rescuer: 30:2. 

• For 2-rescuer: 15:2. 

9- The 5 components of high-quality CPR are 

• Ensuring chest compressions of adequate rate 

• Ensuring chest compressions of adequate depth 

• Allowing full chest recoil between compressions 

• Minimizing interruptions in chest compressions 

• Avoiding excessive ventilation: 

Excessive ventilation is harmful because it 

• Increases intrathoracic pressure and impedes venous return and therefore 
decreases cardiac output, cerebral blood flow, and coronary perfusion. 

• Causes air trapping and barotrauma in patients with small-airway obstruction. 

• Increases the risk of regurgitation and aspiration in patients without an 
advanced airway. 
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Pediatric Advanced Life Support 


Pediatric Cardiac Arrest Algorithm—2015 Update 


i 



CPR Quality 


• Push hard (£% of anteroposterior 
diameter of chest) and fast 
(100-120/min) and allow complete 
chest recoil. 

• Minimize interruptions in 
compressions. 

• Avoid excessive ventilation. 

• Rotate compressor every 

2 minutes, or sooner if fatigued. 

• If no advanced airway, 

15:2 compression-ventilation ratio. 


Shock Energy for Defibrillation 


First shock 2 J/kg, second shock 
4 J/kg, subsequent shocks £4 J/kg, 
maximum 10 J/kg or adult dose 


Drug Therapy 


• Epinephrine IO/IV dose: 

0.01 mg/kg (0.1 mL7kg of 
1:10 000 concentration). Repeat 
every 3-5 minutes. 

If no IO/IV access, may give 
endotracheal dose: 0.1 mg/kg 
(0.1 mlVkg of 1:1000 
concentration). 

• Amiodarone IO/IV dose: 

5 mg/kg bolus during cardiac 
arrest. May repeat up to 2 times 
for refractory VF/pulseless VT. 

• Lidocaine IO/IV dose: 

Initial: 1 mg/kg loading dose. 
Maintenance: 20-50 mcg/kg per 
minute infusion (repeat bolus dose 
if infusion initiated >15 minutes 
after initial bolus therapy). 


Advanced Airway 


• Endotracheal intubation or 
supraglottic advanced airway 

• Waveform capnography or 
capnometry to confirm and 
monitor ET tube placement 

• Once advanced airway in place, 
give 1 breath every 6 seconds 
(10 breaths/min) with continuous 
chest compressions 


Return of Spontaneous 
Circulation (ROSC) 


• Pulse and blood pressure 

• Spontaneous arterial pressure 
waves with intra-arterial 
monitoring 


Reversible Causes 


• Hypovolemia 

• Hypoxia 

• Hydrogen ion (acidosis) 

• Hypoglycemia 

• Hypo-/hyperkalemia 

• Hypothermia 

• Tension pneumothorax 

• Tamponade, cardiac 

• Toxins 

• Thrombosis, pulmonary 

• Thrombosis, coronary 
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Medications for Pediatric Resuscitation (American heart association 2015) 

Medication 

Dose 

Remarks 

Adenosine 

0.1 mg/kg (maximum 6 
mg) 

Second dose: 0.2 mg/kg 
(maximum 12 mg) 

i 

Monitor ECG 

Rapid IV/IO bolus with flush 

Amiodarone 

5 mg/kg IV/IO; may 
repeat twice up to 15 
mg/kg 

Maximum single dose 300 
mg 

Monitor ECG and blood pressure; adjust administration 
rate to urgency (IV push during cardiac arrest, more 
slowly-over 20-60 

minutes with perfusing rhythm). Expert consultation 
strongly recommended prior to use when patient has a 
perfusing rhythm Use caution when administering with 
other drugs that prolong QT (obtain expert consultation) 

Atropine 

0.02 mg/kg IV/IO 

0.04-0.06 mg/kg ET- 
Repeat once if needed 
Maximum single dose: 0.5 
mg 

Higher doses may be used with organophosphate 
poisoning 

Calcium 

Chloride (10%) 

20 mg/kg IV/IO (0.2 
mL/kg) 

Maximum single dose 2 g 

Administer slowly 

Epinephrine 

0.01 mg/kg (0.1 mL/kg 
1:10 000) IV/IO 

0.1 mg/kg (0.1 mL/kg 
1 : 1000 ) ET^ 

Maximum dose 1 mg 
IV/IO; 2.5 mg ET 

May repeat every 3-5 minutes 

Glucose 

0.5-1 g/kg IV/IO 

Newborn: 5-10 mL/kg D 10 W 

Infants and Children: 2 4 mL/kg D 25 W 

Adolescents: 1-2 mL/kg D 50 W 

Lidocaine 

Bolus: 1 mg/kg IV/IO 
Infusion: 20-50 

mcg/kg/minute 


Magnesium 

Sulfate 

25-50 mg/kg IV/IO over 
10-20 minutes, faster in 
torsades de pointes 
Maximum dose 2 g 


Naloxone 

Full Reversal: 

<5 y or <20 kg: 0.1 mg/kg 

Use lower doses to reverse respiratory depression 
associated with therapeutic opioid use (1-5 me g/kg titrate 
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Medications for Pediatric Resuscitation (American heart association 2015) 

Medication 

Dose 

Remarks 

r 

IV/IO/ET* 

>5y or >20 kg: 2 mg 
IV/IO/ET^ 

n 

to effect) 

Procainamide 

15 mg/kg IV/IO 

Adult Dose: 20 mg/min 
IV infusion to total 
maximum dose of 17 
mg/kg 

Monitor ECG and blood pressure; 

Give slowly-over 30-60 minutes. Use caution when 
administering with other drugs that prolong 
QT (obtain expert consultation) 

Sodium 

bicarbonate 

1 mEq/kg per dose IV/IO 
slowly 

After adequate ventilation 

Excessive sodium bicarbonate may impair tissue oxygen 
delivery; cause hypokalemia, hypocalcemia, 

hypernatremia, and hyperosmolarity decrease the VF 
threshold and impair cardiac function 


General recommendation for cuffed and uncuffed tracheal tube sizes (internal diam¬ 
eter in mm). 


Uncuffed Cuffed 

Premature neonates 
Full term neonates 
Infants 
Child l-2y 
Child >2y 

European resuscitation council 2015 


3.5 

3.5-4.0 
4.0-4.5 
Age/4 + 4 


Not used 
Not usually used 
3.0-3.5 
3.5-4.0 
Age/4 + 3.5 
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Table (1): Benefits/Risks of intubation methodology 


Method ol Intubation 


Bcnclits/Risks 


Contraindications 


Nasotracheal 


Orotracheal 


Awake orotracheal 


Orotracheal with sedation 


Orotracheal with 
neuromuscular blockade 


Benefits 

Minimal need lor sedation 
Rapidity of preparation 

Greater postintubation comfort for awake patient 
Maintenance of semiupright posture 
Maintenance of spontaneous respiration 
Decreased likelihood of aspiration 
Risks 
Eptstaxis 

Purulent sinusitis 
Benefits 

Larger-sued endotracheal tube 
Direct visualization 

Relative ease of obtaining pharyngeal anesthesia 
Risks 

Oral or tracheal trauma 
Esophageal intubation 
Vocal cord injury 
Aspiration 
Benefits 

Avoid rendering patient apneic 
Risks 

Oral or tracheal trauma 
Esophageal intubation 
Vocal cord injury 
Aspiration 

Patient might be unable to tolerate the procedure 
Coughing reflex can be triggered 
Benefits 

Rapid procedure, less traumatic than awake 
Intubation might be easier to accomplish 
Risks 

Oral or tracheal trauma 
Esophageal intubation 
Vocal cord injury 
Aspiratkmtrun -1 

Hypotension caused by excessive sedation 
Opioids might cause bronchospasm 
Benefits 

Increases the ease ol intubation by reducing muscular resistance 
Eliminates the risk of coughing 

Might provide superior control during intubation compared with 
sedation alone (Baumgarten, Con j Anoesth 1988;35:5-11) 
Risks 

Few, rarely serious 

Side effects of neuromuscular blocking agents 

Sedation is necessary in addition to neuromuscular blockade 

Airway loss caused by inability to intubate, ventilate, or both 


Nasal polyps 
Coagulation disorder 
Thrombocytopenia 
Abnormal nasal anatomy 
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Pediatric Bradycardia With a Pulse and Poor Perfusion Algorithm 

i 



© 2015 American Heart Association 
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Pediatric Tachycardia With a Pulse and Poor Perfusion Algorithm 


i 



Doses/Details 

Synchronized 

Cardioversion 


Begin with 0.5-1 J/kg; 
if not effective, increase 
to 2 J/kg. 

Sedate if needed, but 
don’t delay cardioversion. 


Drug Therapy 


Adenosine IO/IV dose: 

First dose: 0.1 mg/kg 
rapid bolus (maximum: 

6 mg). 

Second dose: 

0.2 mg/kg rapid bolus 
(maximum second 
dose: 12 mg). 

Amiodarone IO/IV dose: 

5 mg/kg over 
20-60 minutes 
or 

Procainamide IO/IV dose: 

15 mg/kg over 
30-60 minutes 

Do not routinely 
administer amiodarone 
and procainamide 
together. 
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Postarrest Care 

The goals of postresuscitation care are to preserve neurologic function, prevent 
secondary organ injury, diagnose and treat the cause of illness 

1- Respiratory System 

• maintain normoxemia after ROSC i.e to keep oxygen saturation 94% or above 

• target a Paco2 after ROSC that is appropriate to the specific patient condition, 
and limit exposure to severe hypercapnia or hypocapnia 

2- Post-Cardiac Arrest Fluids and Inotropes 

After ROSC, parenteral fluids and/or inotropes or vasoactive drugs recommended to 
be used to maintain a systolic blood pressure greater than fifth percentile for age 


Table (2): Normal vital signs according to age (nelson 20 th edition) 


Age 

Heart rate (bpm) 

Blood pressure 

Respiratory rate 

Premature 

120-170 

55-75/35-45 

40-70 

0-3 mo 

100-150 

65-85/45-55 

35-55 

3-6 mo 

90-120 

70-90/50-65 

30-45 

6-12 mo 

80-120 

80-100/55-65 

25-40 

1-3 yrs 

70-110 

90-105/55-70 

20-30 

3-6 yrs 

65-110 

95-110/60-75 

20-25 

6-12 yrs 

60-95 

100-120/60-75 

14-22 

12 + yrs 

55-85 

110-130/65-85 

12-18 
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Medications to Maintain Cardiac Output and for Postresuscitation Stabilization 

Medication 

Dose Range 

Comment 

Inamrinone 

0.75-1 mg/kg IV/IO over 5 
minutes; may repeat x 2 then: 
5-10 mcg/kg per minute 

1 

Inodilator 

Dobutamine 

2-20 mcg/kg per minute 
IV/IO 

Inotrope; vasodilator 

Dopamine 

2-20 mcg/kg per minute 
IV/IO 

Inotrope; chronotrope; renal 
and splanchnic vasodilator in 
low doses; pressor in high 
doses 

Epinephrine 

0 . 1-1 mcg/kg per minute 
IV/IO 

Inotrope; chronotrope; 

vasodilator in low doses; 
pressor in higher doses 

Milrinone 

Loading dose: 50 mcg/kg 
IV/IO over 10-60 min then 
0.25-0.75 mcg/kg per minute 

Inodilator 

Norepinephrine 

0 . 1-2 mcg/kg per minute 

Vasopressor 

Sodium nitroprusside 

Initial: 0.5-1 mcg/kg per 
minute; titrate to effect up to 8 
mcg/kg per minute 

Vasodilator Prepare only in 

d 5 w 

• IV indicates intravenous; and 10, intraosseous. 

• Alternative formula for verifying dose during continuous infusion: 

• Infusion rate 

[weight (kg)Xdose (mcg/kg per min)X 60 (min/hour)| 

(mL/h) =-:— 7 -rr-• 

concentration(mcg/mL) 

American heart association 2015 
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3- Neurologic System 

For infants and children remaining comatose after OHCA, it is reasonable 
either to maintain 5 days of continuous normothermia (36°C to 37.5°C) or to maintain 
2 days of initial continuous hypothermia (32°C to 34°C) followed by 3 days of 
continuous normothermia 

Fever (temperature 38°C or higher ) should be aggressively treated after ROSC 


Table (3); Glasgow coma scale (nelson 20th edition) 


Eye opening (total possible points 4) 

Spontaneous 

4 



To voice 

3 



To pain 

2 



None 

1 



Verbal response (total possible points 5) 

Older children 


Infants and young children 


Oriented 

5 

Appropriate words, smile, fixes and 
follows 

5 

Confused 

4 

Consolable crying 

4 

Inappropriate 

3 

Persistently irritable 

3 

Incomprehensible 

2 

Restless, agitated 

2 

None 

1 

none 

1 

Motor response (total possible points 6) 

Obeys 

6 



Localizes pain 

5 



Withdraw 

4 



Flexion 

3 



Extension 

2 



None 

1 




4- Renal System 

Decreased urine output (<1 mL/kg per hour in infants and children or <30 
mL/hour in adolescents) may be caused by prerenal conditions (eg, dehydration, 
inadequate systemic perfusion), renal ischemic damage, or a combination of factors. 
Avoid nephrotoxic medications and adjust the dose of medications excreted by the 
kidneys until you have checked renal function 

References: 

American Heart Association. Web-based Integrated Guidelines for Cardiopulmonary Resuscitation and Emergency 
Cardiovascular Care - Part 12: Pediatric Advanced Life Support. ECCguidelines.heart.org. 


American Heart Association. Web-based Integrated Guidelines for Cardiopulmonary Resuscitation and Emergency 
Cardiovascular Care - Part 11: Pediatric Basic Life Support and Cardiopulmonary Resuscitation Quality. 
ECCguidelines.heart.org 
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Shock 

Definition: Shock is an acute process characterized by the body’s inability to deliver 
adequate oxygen to meet the metabolic demands of vital organs and tissues. 


Table (4): Types of shock ( nelson 20th edition) 


Hypovolemic 

Cardiogenic 

Distributive 

Septic 

Obstructive 

Decreased preload 
secondary to 
internal or 
external losses 

Cardiac pump 
failure secondary 
to poor 
myocardial 
function 

Abnormalities of 

vasomotor tone 

from loss of 
venous and 
arterial 
capacitance 

Encompasses multiple 
forms of shock 
Hypovolemic; third 
spacing of fluids 
into the 
extracellular, 
interstitial space 
Distributive: early 
shock with 
decreased afterload 
Cardiogenic; 
depression of 
myocardial function 
by endotoxins 

Decreased cardiac 
output secondary 
to direct 
impediment to 
right- or left- 
heart outflow or 
restriction of all 
cardiac chambers 

Potential 

etiologies 

Blood loss: 
hemorrhage; 

Plasma loss: burns, 
nephrotic 
syndrome; 

W ater/electrolyte 
loss: vomiting 
diarrhea 

Congenital heart 
disease 

Cardiomyopathies: 
infectious or 
acquired, dilated 
or restrictive 
Ischemia 

Arrhythmias 

Anaphylaxis 
Neurologic: loss of 
sympathetic 
vascular tone 
secondary to 
spinal cord or 
brainstem injury 
Drugs 

Bacterial 

Viral 

Fungal 

(Immunocompromised 
patients are at 
increased risk) 

Tension 

pneumothorax 

Pericardial 

tamponade 

Pulmonary 

embolism 

Anterior 

mediastinal masses 
Critical coarctation 
of the aorta 


Table (5): Hemodynamic variables in different shock states (nelson 20th edition) 


Type of shock 

Cardiac 

output 

Systemic vascular 
resistance 

Mean arterial 
pressure 

Capillary 
wedge pressure 

Central venous 
pressure 

Hypovolemic 


T 

<r+ or l 

't >L >L 

'L >L >L 

Cardiogenic* 






Systolic 

u 

TTT 

<r+ or l 

TT 

TT 

Diastolic 

<—> 

TT 

<—> 

TT 

T 

Obstructive 

i 

T 

<r+ or l 

Tf 

Tf 

Distributive 

Tt 

't >L >L 

<r+ or l 

<-► or l 

or l 

Septic 






Early 

TTT 

't >L >L 

or | D 

i 

i 

Late 

U 

u 

u 

T 

t or <-+ 


* Systolic or diastolic dysfunction 

♦ Wedge pressure, central venous pressure, and pulmonary artery diastolic pressures are equal 
□ Wide pulse pressure 








































Sepsis 

• Sepsis is defined as life-threatening organ dysfunction caused by a dysregulated host 
response to infection (new definition JAMA 2016). 

• Organ dysfunction can be identified as an acute change in total SOFA score 2 points 
consequent to the infection. 

• The baseline SOFA score can be assumed to be zero in patients not known to have 
preexisting organ dysfunction. 

SOFA score 


Table (6): Sequential [Sepsis-related] organ failure assessment score (JAMA2016) 


System 

Score 






0 

1 

2 

3 

4 

Respiration 
Pa0 2 /Fi0 2 , mmHg 

>400 (53.3) 

<400 (53.3) 

< 300 (40) 

< 200 (26.7) with 

< 100(13.3) 

(kPa) 




respiratory 

with respiratory 





support 

support 

Coagulation 






Platelets, *10 3 /pl 

> 150 

< 150 

< 100 

<50 

<20 

Liver 






Bilirubin, mg/dL 

< 1.2 (20) 

1.2-1.9 (20-32) 

2.0-5.9 (33- 

6.0-11.9 

> 12.0 (204) 

(jumol/L) 



101) 

(102-204) 


Cardiovascular 

MAP > 70 

Dopamine < 5 or 

Dopamine 5.1- 

Dopamine >15 



mm.Hg 

dobutamine 

15 or 

or epinephrine > 




(any dose) b 

epinephrine < 

0.1 or 





0.1 or 

norepinephrine > 





norepinephrine 

<0.1 b 

0.1 b 


Glasgow Coma 
Scale score 0 

15 

13-14 

10-12 

6-9 

<6 

Renal 






Creatinine, 

< 1.2(110) 

1.2-1.9 

2.0-3.4 

3.5-4.9 

>5.0 (440) 

mg/dL (pmol/L) 


(110-170) 

(171-299) 

(300-440) 


Urine output, 
mL/d 




<500 

<200 


qSOFA score 

• Patients with suspected infection who are likely to have a prolonged ICU stay or to 
die in the hospital can be promptly identified at the bedside with qSOFA, ie, alteration 
in mental status, systolic blood pressure 100 mm Hg, or respiratory rate 22/min. 

Box 4. qSOFA (Quick SOFA) Criteria ( jama 2016 ) 


- Respiratory rate > 22/min. 

- Altered mentation 

- Systolic blood pressure <100 rnmHg 


WWW. 
































Shock 


Septic shock 

• Septic shock is a subset of sepsis in which underlying circulatory and cellular/ 
metabolic abnormalities are profound enough to substantially increase mortality. 

• Patients with septic shock can be identified with a clinical construct of sepsis with 
persisting hypotension requiring vasopressors to maintain MAP 65 mm Hg and having 
a serum lactate level >2 mmol/L (18 mg/dL) despite adequate volume resuscitation. 
With these criteria, hospital mortality is in excess of 40%. 


How to differentiate between cold and warm shock?_ 



Cold shock 

Warm shock 

Capillary refill 

> 2 seconds 

Flash capillary refill 

Peripheral pulses 

Diminished 

Bounding 

Mottling of skin 

Present 

Absent 


How to proceed? (jama 2016 ) 



WWW 










































































Management of septic shock ( nelson 20th edition) 




Shock not reversed? 


+. 



Shock not reversed? 


+. 


Catecholamine resistant shock: Begin hydrocoitisone 
if at risk for absolute adrenal insufficiency 

1 

r 

Monitor CVP in PICU. Attain normal MAP-CVP and £cvQ 2 ^70 percent. 



4 - \ 

4 

Cold shock with 
normal blood pressure: 

1, Titrate fluid and 
epinephrine, £cv0 2 
>7*0 percent, Hgb 
> 10g/d L. 

2. If Scv0 2 still 
<70 percent, add 
vasodilator with 
volume loading 

(nitrosa vasodilators, 
milrininone, imrinone, 
and others]. Consider 
levosimendan. 

Cold shock with 
low blood pressure: 

1. Titrate fluid and 
epinephrine, £cvD 2 
>70 percent, Hgb 
> lOg/d L. 

2« If still hypotensive, 

consider norepinephrine. 

If £cvQ 2 still 
<70 percent, consider 
dobutamine, milrinone, 
enaximone or 
levosimendan. 

Warm shock with 
low blood pressure: 

1. Titrate fluid and 
norepinephrine, 

£cvD 2 >70 percent. 

2. If still hypotensive, 
consider vasopressin, 
ted ip ress in or 
angiotensin. 

3. If Scv0 2 still 

<70 percent, consider 
low dose epinephrine. 


Shock not reversed? 

_ + _ 

Persistent catecholamine resistant shock: 

Rule out and correct pericardial effusion, pneumothorax, and 
intra-abdominal pressure >12 immHg, Consider pulmonary arbeiy, 
PICCO, or FATD- catheter, and/or Doppler ultrasound to guide fluid, 
inotrope, vasopressor, vasodilator and hormonal therapies. 
Goal Cl >3,3 and <6.0 L/min/m 2 . 

- 1 - 

Shock not reversed? 

_ + _ 

Refractory shock: EC MO 




ine4iuiet 


WWW,1 


c 



















































Early goal directed therapy: 

During the first 6 hours of resuscitation, the goals of initial resuscitation of 
sepsis-induced hypoperfusion should include all of the following as one part of a 
treatment protocol: 

• Central venous pressure (CVP) 8-12 mm Hg 

• Mean arterial pressure (MAP) >65 mm Hg 

• Urine output >0.5 mL/kg/hr 

• Central venous (superior vena cava) or mixed venous oxygen saturation 
>70 percent or >65 percent, respectively 

(The 2012 Surviving Sepsis Campaign Guidelines) 


Therapeutic endpoints 

Clinical 

• Heart Rate normalized for age 

• Capillary refill < 2sec 

• Normal pulse quality 

• Warm extremities 

• Blood pressure normal for age 

• Urine output >1 mL/kg/h 

• Normal mental status 


• CVP >8 mmHg 

• No difference in central and peripheral pulses 


Threshold rates 

Heart rate (bpm) 

Mean arterial pressure 

Term newborn 

120-180 

55 

Up to 1 yr 

120-180 

60 

Up to 2 yrs 

120-160 

65 

Up to 7 yrs 

100-140 

65 

Up to 15 yrs 

90-140 

65 


Laboratory 

• Decreasing lactate 

• Sv02 >70% 
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Table (7): Vasodilators/Afterload reducers (nelson 20th edition) 


Drug 

Effect(s) 

Dosing range 

Comment(s) 

Nitroprusside 

Vasodilator (mainly arterial) 

0.5-4.0 pg/kg/min 

Rapid effect 

Risk of cyanide toxicity with 
prolonged use (> 96 hr) 

Nitroglycerin 

Vasodilator (mainly venous) 

1-20 pg/kg/min 

Rapid effect 

Risk of increased intracranial 
pressure 

Prostaglandin 

Vasodilator 

Maintains an open ductus arteriosus 
in the newborn with ductal- 
dependent congenital heart disease 

0.01-0.2 pg/kg/min 

Can lead to hypotension 

Risk of apnea 

Milrinone 

Increased cardiac contractility 
Improves cardiac diastolic function 
Peripheral vasodilation 

Load 50 pg/kg over 

15 min 

0.5-1.0 pg/kg/min 

Phosphoodiesterase inhibitor 
- slows cyclic adenosine 
monophosphate breakdown 


Table (8): Cardiovascular drug treatment of shock (nelson 20th edition) 


Drug 

Effect(s) 

Dosing range 

Comment(s) 

Dopamine 

| Cardiac contractility 

3-20 pg/kg/min 

t Risk of arrhythmias at high 
doses 


Significant peripheral 
vasoconstriction at > 10 pg/kg/min 



Epinephrine 

| Heart rate and t cardiac 
contractility 

Potent vasoconstrictor 

0.05-3.0 pg/kg/min 

May l renal perfusion at high 
doses 

t Myocardial 0 2 
consumption 

Risk of arrhythmia at high 
doses 

Dobutamine 

t Cardiac contractility 

Peripheral vasodilator 



Norepinephrine 

Potent vasoconstriction 

No significant effect on cardiac 
contractility 

0.05-1.5 pg/kg/min 

t Blood pressure secondary 
to f systemic vascular 
resistance 

t Left ventricular afterload 

Phenylephrine 

Potent vasoconstriction 

0.05-2.0 pg/kg/min 

Can cause sudden 
hypertension 
t 0 2 consumption 


Terlipressin dose in septic shock: 

There are multiple clinical trials but there is no dose evidence based yet. 
Rodriguez-Nunez et al., 2006 recommend dose of 20 u/kg/dose ever y 4 hours it 
results in increasing MAP, reduction of catecholamine infusion. 

References: 

> David A. Turner and Ira M. Cheifetz, shock Chapter 70 Part IX 516:528 nelson textbook of pediatrics 20th edition 
2015 

> Mervyn Singer, Clifford S. Deutschman, Christopher Warren Seymour, Manu Shankar-Hari, Djillali Annane, Michael 
Bauer et al., The Third International Consensus Definitions for Sepsis and Septic Shock(Sepsis-3) JAMA.2016; 
315(8):801-810. 

> Rodriguez-Nunez A, Lopez-Herce J, GilAntonJ, et al: Rescue treatment with terlipressin in children with refractory 
septic shock: A clinical study. Crit Care 2006; 10: R20 (doi:10.1186/cc3984) 
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Shock 



Anaphylactic shock 

Emergency treatment 

> Patients with anaphylaxis should be placed on their back with lower extremities 
elevated. If short-of-breath and/or vomiting, patient should be placed semi¬ 
upright in a position of comfort with the lower extremities elevated. 

• Intramuscular epinephrine 1: 1000 (1 mg/ml) at a dose of 0.01 mg/kg body 
weight up to a maximum dose of 0.3 mg injected into the lateral thigh (vastus 
lateralis). 

• The dose can be repeated at 5-15 min intervals. 

• The intramuscular route is preferred because epinephrine has a vasodilator 
effect in skeletal muscle. After IM injection into the vastus lateralis, absorption 
is rapid, and epinephrine reaches the central circulation rapidly. 

• The maximum dose of epinephrine in anaphylaxis is lower than the dose used 
in cardiopulmonary resuscitation. 

• Failure to inject it promptly before the patient gets acute cardio-respiratory 
failure and shock potentially increases the risk of death and the risk of biphasic 
anaphylaxis (late phase reaction). 

> Support the airway and ventilation 

> Give supplementary oxygen 6-8 L/min 

> Resuscitate with intravenous saline 0.9% (20 ml/kg body weight, repeated up 
to a total of 50 ml/kg over the first half an hour. 

> Other lines of treatment: 

Nebulized beta-2 stimulants: Decrease wheeze but are not life-saving “ Hl- 

antihistamines: Decrease itch and hives but not life saving 

Dose of diphenhydramine (Pirafene 50 mg/ml): 

2-6 years: 6.25 mg 6-12 years: 12.2-25 mg > 12 years: 25-50 mg 














Corticosteroids: effects take several hours: not lifesaving. Used to prevent biphasic; 
however, there is no evidence that this occurs. 

Dose of solucortif: 2.5- 5mg / kg 

• Refractory cases: 

" IV epinephrine: central line - 1:10,000 solution - infusion pump " Intubation 
" Cricothyrotomy 
" Vasopressors 

Glucagon: exerts positive inotropic and chronotropic effects on the heart, 
independent of catecholamines. Therefore, glucagon, 1 mg intravenous bolus, 
followed by an infusion of 1 to 5 mg per hour, may improve hypotension in one 
to five minutes, with a maximal benefit at five to 15 minutes. (The U.S. Food 
and Drug Administration have not approved glucagon for this use.) Nausea and 
vomiting may limit therapy with glucagon. 

• Duration of monitoring 

" Protracted or biphasic anaphylaxis (up to 72 hours; usually within 10 hours) 
occurs in up to 20% of adults and 6% of children. " Patients should ideally be 
monitored for at least 4, and preferably 8-10 hr. 

" Some cases require monitoring for > 24 hours. 
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Place the patient on their back with lower extremities elevated. 

If short-of-breath and/or vomiting, patient should be placed semi-upright in a 
position of comfort with the lower extremities elevated. 

I 

Adrenaline I.M 

1: 1000 (1 mg/ml) at a dose of 0.01 mg/kg body weight up to a maximum dose of 0.3 
mg injected into the lateral thigh (vastus lateralis) 

I 

Support the airway and ventilation 

Give supplementary oxygen 6-8 L/min 

i 

Resuscitate 

Intravenous saline 0.9% (20 ml/kg body weight, repeated up to a total of 50 ml/kg 
over the first half an hour. I 


Other lines of treatment (not lifesavingj 



Nebulized beta-2 stimulants HI-antihistamines Corticosteroids 

I 

Refractory cases 

IV epinephrine : central line - 1:10,000 solution - infusion pump 
"Intubation 
~ Cricothyrotomy 

~ Vasopressors : noradrenaline or dopamine 
“ Glucagon: 

Acknowledgment: 

- Thanks to Prof. Dr. Elham Hosni, for participating in this chapter. 
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AIM SHAMS UNIVERSITY 


Anaphylaxis is highly likely when any one of the following three criteria is fulfilled: 


Sudden onset of an illness (minutes to several hours), with involvement of the skin, mucosal tissue, 
or both (e.g. generalized hives, itching or flushing, swollen lips-tongue-uvula) 



AND AT LEAST ONE 
OF THE FOLLOWING: 



Sudden respiratory symptoms 
and signs 

(e.g. shortness of breath, wheeze, 
cough, stridor, hypoxemia) 





Sudden reduced BP or 
symptoms of end-organ 
dysfunction (e.g. hypotonia 
[collapse], incontinence) 


OR 


Two or more of the following that occur suddenly after exposure to a likely allergen or other trigger* 
for that patient (minutes to several hours): 



Sudden skin or mucosal 
symptoms and signs 

(e.g. generalized hives, itch-flush, 
swollen lips-tongue-uvula) 



Sudden respiratory symptoms 
and signs 

(e.g. shortness of breath, wheeze, 
cough, stridor, hypoxemia) 


/ 



Sudden reduced BP or 
symptoms of end-organ 
dysfunction (e.g. hypotonia 
[collapse], incontinence) 



Sudden gastrointestinal 
symptoms (e.g. crampy 
abdominal pain, vomiting) 


OR 


Reduced blood pressure (BP) after exposure to a known allergen ** for that patient 
(minutes to several hours): 


It 


Infants and children: low systolic BP (age-specific) 
or greater than 30% decrease in systolic BP*" 



Adults: systolic BP of less than 90 mm Hg or greater 
than 30% decrease from that person’s baseline 


For example, immunologic but IgE-independent, or non-immunologic (direct mast cell activation) 

For example, after an insect sting, reduced blood pressure might be the only manifestation of anaphylaxis; or, 
after allergen immunotherapy, generalized hives might be the only initial manifestation of anaphylaxis. 

' Low systolic blood pressure for children is defined as less than 70 mm Hg from 1 month to 1 year, less than (70 mm Hg + [2 x age]) 
from 1 to 10 years, and less than 90 mm Hg from 11 to 17 years. Normal heart rate ranges from 80-140 beats/minute at age 1-2 years; 
from 80-120 beats/minute at age 3 years; and from 70-115 beats/minute after age 3 years. In infants and children, respiratory 
compromise is more likely than hypotension or shock, and shock is more likely to be manifest initially by tachycardia than by hypotension. 
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Shock 



Reference: 


Simons FER et al., for the WAO. J Allergy Clin Immunol 2011; 127: 587-93-e22 and WAO Journal 
2011; 4: 13-36. Illustrator: J Schaffer 


























































































Shock 


apis 


Advanced Paediatric 
Life Support 


Anaphylaxis 

Management 


Symptoms and signs of anaphylaxis 


Call for help 

Remove trigger/causative agent 
Assess ABC 



Signs of upper airway obstruction 
(stridor/respiratory distress) 
or 

Lower airway obstruction 
(wheeze/respiratory distress) 
or 

Shock 


Basic and advanced life support 

Adrenaline IM 10 mcg/kg 
or IV if in cardiac arrest 


Adrenaline IM 10 mcg/kg 
Repeat in 3-5 mins if no improvement 
0.9% saline 20 mL/kg for shock 


i 


No resolution 


J 


Persistent upper airway obstruction 

• Nebulised adrenaline 

• Consider adrenaline infusion 

Persistent lower airway obstruction 

• Nebulised adrenaline or salbutamol 

• Consider adrenaline infusion 

• Consider IV aminophylline 

Persistent shock 

• Further 0.9% saline 

• Adrenaline infusion 


Resolution 


1 


Observe 


Monitoring and ABC 
reassessment 

Consider oral antihistamine 
and oral prednisolone 


www.Medicine4u.net 
































Fluid and Electrolytes Management 


Fluid and Electrolytes Management 


This section includes: 

1. Assessment of Hydration 

2. Resuscitation 

3. Risk of Acute Kidney Injury (AKI) 

4. Fluid Requirements 

5. Hyponatraemia 

6. Hypematraemia 

7. Hyperkalaemia 

8. Hypokalaemia 

1-Assessment of Hydration 

The clinical assessment of hydration is difficult and often inaccurate. In 
children who are dehydrated the accepted gold standard of assessment is acute 
weight loss but this is often not possible due to lack of accurate pre-illness 
weight. 

The following table can be used to help make an assessment of hydration status 


Table (9): Assessment of hydration status (Fluid and Electrolyte Disturbances, Nottingham 
children’s university November 2015) 


Clinical Sign 

No 

dehydration 
(<3% weight 
loss 

Mile to 
Moderate 3- 
10% 

Severe > 
10% 

Notes 

Reduced urine 
output 

No 

Yes 

Yes 

Take care to differentiate 
urine from watery stool 

Dry mouth 

No 

Yes 

Yes 

Mouth breathers may have 
dry mouth 

Sunken eyes 

No 

Yes 

Yes 


Reduced skin 
turgor 

No (recoils 
instantly) 

Yes (1-2 secs) 

Yes (> 2 
secs) 

Less in hypernatraemic 
dehydration 

Prolonged capillary 
refill time 

No 

Might be 
slightly 
prolonged 

Yes 
Cool/ 
mottled / 
pale 

peripheries 

CRT < 2 seconds may be 
seen as ‘normal’ 

Drowsiness/ 

Irritability 

No 

Yes 

Severe 
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Fluid and Electrolytes Management 


2-Resuscitation 


• If signs of circulatory collapse are present i.e. prolonged capillary refill time, 
tachycardia and/or hypotension then immediate resuscitation of intravascular 
volume must occur. 


• This should be via intravenous or intraosseous access. 


• Boluses of 20 ml/kg 0.9% sodium chloride (isotonic solution) should be used. 

• Reassessment and repeat boluses given as necessary with consideration of the 
cause of circulatory collapse i.e. blood loss, sepsis so that alternative 
resuscitation fluids can be considered if appropriate. 

3-Risk of Acute Kidney Injury (AKI) 

Certain children and young people are particularly at risk of developing AKI. 
Measurement of serum creatinine and comparison with baseline should be undertaken 
in children and young people with acute illness and any degree of dehydration if any 
of the following are likely or present: 

• Young age, neurological or cognitive impairment or disability, which may 
mean limited access to fluids because of reliance on a parent or carer with 
hypovolaemia 

• Chronic kidney disease / transplant 

• Heart failure 

• Liver disease 

• Past history of acute kidney injury 

• Oliguria (urine output less than 0.5 ml/kg/hour) 

• Use of drugs with nephrotoxic potential (such as NSAIDs, aminoglycosides, 
ACE inhibitors, ARBs and diuretics) within the past week 

• Symptoms or history of urological obstruction, or conditions that may lead to 
obstruction 

• Sepsis 

• Hematological malignancy 

• Hypotension. 


WWW 











4-Fluid Requirements 


Fluid and Electrolytes Management 


> Calculation of maintenance fluid requirements 

• lOOmls/kg for the first 10kg = lOOOmls 

• 50mls/kg for the second 10kg = 500mls 

• 20mls/kg for all additional Kg 

> Dehydration 

Fluid deficit in ml = % dehydration x weight (Kg) x 10 
Mild dehydration: 50 ml / kg 
Moderate dehydration: 80 ml / kg 
Severe dehydration: 100 ml / kg 

Fluid management of dehydration 

• Restore intravascular volume 

Normal saline:-20ml/kg over 20min 
Repeat as needed 

• Calculate 24-hr fluid needs:-maintenance +deficit volume 

• Subtract isotonic fluid already administrated from 24hr fluid needs 

• Administrate remaining volume over 24 hr using 5 % dextrose NS+20meq/L 
KCL 

• Replace ongoing losses as they occur 

Replacement fluid for diarrhea 

• Average composition of diarrhea 

Sodium :25mEq/l Potassium :25mEq/l Bicarbonate: 15meq/l 

• Approach to replacement of ongoing losses 

Solution: D5 1/2 NS +30 mEq/1 sodium bicarbonate +20 mEq/L KCL 

• Replace stool ml/ml every 1-6 hr 

Replacement fluid for emesis or nasogastric losses: 

• Average composition of gastric fluid: 

Sodium 60 mEq/L Potassium: lOmEq/L Chloride: 90mEq/L 

• Approach to replacement of ongoing losses: 

Solution: normal saline +10 mEq/L KCL 

• Replace output mL/mL every 1-6 hours 


WWW 













• Replacement of insensible fluid losses (25-40% of maintenance) with 
D5 V 2 NS 

• Replace urine output mL/mL with D5 V 2 NS ± KCL 

Hwernatremic dehydration: 

Treatment of hypernatremic dehydration 

• Restore intravascular volume: 

Normal saline: 20 mL/Kg over 20 min (repeat until intravascular volume restored) 

• Determine time for correction on basis of initial sodium concentration: 

■ Na 145-157 mEq/L : 24 hr 

■ Na 158-170 mEq/L: 48 hr 

■ Na 171-183 mEq/L: 72 hr 

■ Na 184-196 mEq/L : 84 hr 

• Administer fluid at constant rate over time for correction: 

> Typical fluid: 5% dextrose + half normal saline (with 20 mEq/L KCL 
unless contraindicated) 

> Typical rate: 1.25-1.5 time s maintenance 

• Follow serum sodium concentration 

• Adjust fluid on basis of clinical status and serum sodium concentration: 

> Signs of volume depletion: administer normal saline (20 mL/Kg) 

> Sodium decreases too rapidly; either: 

❖ Increase sodium concentration of intravenous fluid or 
♦> Decrease rate of intravenous fluid 

> Sodium decreases too slowly; either 

❖ Decrease sodium concentration of intravenous fluids or 
♦> Increase rate of intravenous fluid 

• Replace ongoing losses as they occur 

• Avoid rapid correction allow rate of decent not more than 10-12 mEq/L/day 
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Fluid and Electrolytes Management 


Management of Hyponatraemia 


Serum Na < 135 
AND Seizures or CNS 
Depression 

(Child in DKA - see DKA 
guideline) 



♦ 


V 


Restrict to 
50% 

maintenance 
Give 0.9% 
sodium chloride w 
dextrose if oral 
route not 
possible 


th 


Oral/NG 
rehydration - 
calculate 
maintenance and 
deficit fluid 
requirements 


v 

Maintenance 
and deficit 
fluid 

requirements 
replaced with 
0.9% saline 
with dextrose 






V 


Monitor 

Fluid balance, including daily weights 

- Repeat U&Es 4-6 hourly if Na <130 and at least 
daily if Na 130-135 

- Assess for signs of symptomatic hyponatraemia 
and recheck U&Es urgently if suspected 

Neuro obs 2 hourly until Na in normal range 
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Hypokalemia: 


Fluid and Electrolytes Management 


> The dose of intravenous potassium is 0.5-1 mEq/kg, usually given over 1 hr. 
The adult maximum dose is 40 mEq. 


Hypokalemia produces one of_ the least specific ECG changes: 

Cardiac monitoring should be considered in patients with a K+ < 3 mmol/1 

1. Prominent U wave. 

2. ST segment depression. 

3. Flat, low or diphasic T waves. 

Normal T wave amplitude in V5: <1 year 11mm >lyear 14mm 

V6: <lyear 7mm >lyear 9mm 

4. With further lowering of K+ the PR interval may become prolonged and 
sinoatrial block may occur 

Potassium administration: 


Potassiupi chloride is always given by IV infusiomNEVER by bolus injection. 

• Maximum concentration via a peripheral vein is usually 40mEq /L can be increased 
to 60mEq/L after consultant recommendation. 

• Maximum concentration via a central vein is usually 150mEq /L can reach 
200mEq/L in severely restricted patients 

*The maximum infusion rate via peripheral line is 0.5- ImEq/kg / hour should not 
exceed lOmEq/hour 

• The maximum infusion rate via central line is ImEq/ kg / hour should not exceed 
20mEq/hour 
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Management of hyperkalemia: 


Fluid and Electrolytes Management 
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Management of hyperkalemia: 


Fluid and Electrolytes Management 


• Level of potassium should be confirmed with a second sample. 

• If patient present renal dysfunction (renal failure or other renal disease), 
assume potassium level correct until proven otherwise 

• Acute increases of potassium means higher risk of arrhythmia. 


• Do an ECG to identify conduction disturbance: 

• Peaked T wave (early) 

• Prolonged PR, flattening of P wave, widening of QRS(increased risk of 
arrhythmia) 

• Absence of P wave, Sine wave (fusion of QRS and T wave) 

• Ventricular arrhythmia, asystole 


• Complete your investigation and search for causes of hyperkalaemia: 

• Urea, creatinine and electrolytes 

• Glucose 

• Venous blood gas 

• +/- Urine analysis and urinary electrolytes 


• Consider other investigations depending on cause: 

. CK 

• Cortisol, aldosterone and hormonal precursor levels (particularly if 
hypoNa+) 
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Table (10): Drag dosage for treatment of hyperkalemia 


Name of drug 

Dose 

onset of action 

Duration 

I.V calcium: 

Calcium Gluconate 10%: 0.5 
ml/kg slow IV injection over 2-5 
minutes if unstable, over 15- 
20min if stable (Max: 20ml) 

<3 minutes, should see 
normalization of ECG. If not: 
repeat dose (twice) 

~30 

minutes 


Note: Give under cardiac monitoring, discontinue if HR 
significantly, Avoid extravasations 

NOT to be given simultaneously with bicarbonate, NOT to 1 
digitalis toxicity 

dropping 

le given if 

Salbutamol 

nebulization: 

*Less than 25kg : 2.5 mg neb q 
l-2h 

*More than 25kg : 5 mg neb 
(Adult max 10-20mg) q l-2h 

30 minutes, should reduce 
intravascular K+ of 0.5- 
1.5mmol/L 

2-3 hours 

INSULIN/GLUCOSE 
to be given at the 
same time 

If SEVERE 

HYPERKALAEMIA: 

*Dextrose 10% : 5ml/kg IV 
bolus (if no hyponatremia) 

* Insulin short action: 0.1 U/kg IV 
bolus (Max 10 units) 

Then followed by infusion 

insulin!nine os e 

15 minutes, should reduce 
intravascular K+, reduction of 
0.5-1.5mmol/L 

peak 60 
minutes 
till 2- 

3hours 


If MODERATE 
HYPERKALAEMIA: 

*Dextrose 10% IV at 
maintenance with 0.9% sodium 
chloride (normal saline) 

* Insulin short action infusion : 

0.1 U/kg/h IV 




Close monitoring of glucose every 30-60 minutes 

BICARBONATE 

In metabolic acidosis 
only. 

SEVERE HYPERKALAMIA 
and metabolic acidosis 
•Sodium Bicarbonate 8.4% 
lmmol/ml: l-3ml/kg IV over 5 
minutes 

MILD TO MODERATE 
HYPERKALAEMIA and 
metabolic acidosis: 

•Sodium Bicarbonate 8.4% 
lmmol/ml: 1 ml/kg in slow IV 
infusion over 30 minutes 

30-60 minutes, should reduce 
intravascular K+ of 0.5 

2-3 hours 


NOT to give simultaneously with Calcium 

•Polystyrene 
sulfonate (sorbisterit) 

0.3-lg/kg q 6h (Max 15-30g) PR 
or oral (with lactulose) 

lh PR, 4-6h oral, should reduce 
intravascular K+ of 0.5-1 
mEq/L 

variable 


NOT to be used if ileus, recent abdominal surgery, perforation, hypernatremia 












































Fluid and Electrolytes Management 


Table (11): Different types of intravenous fluids (pediatric nephrology text book 7 th edition) 



Osmolarity 

Na 

K 

Cl 

Buffer 

(source) 

Mg 

Ca 

Doctro.se 

Fluid 

(mOsm/1) 

(mEq/1) 

(mEq/1) 

(mEq/1) 

(mEq/1) 

(mEq/l) 

(mEq/1) 

W) 


Crystalloids 


0,9 % saline 

308 

154 

0 

154 

0 

0 

0 

0 

Lactalcd 

Ringer’s 

275 

130 

4 

109 

28 (lactate) 

0 

3 

0 

D5 <1.45 % 

saline 

454 

77 

0 

77 

0 

0 

0 

50 

D5 0.22 % 

saline 

377 

38 

0 

38 

0 

0 

0 

50 

5% dextrose 
water 

252 

0 

0 

0 

0 

0 

0 

50 

Nonnosol 

295 

140 

5 

98 

27 (acetate) 

23 

(gluconate) 

3 

0 

0 

Plasma-Lytc 

294 

140 

5 

98 

27 (acetate) 

23 

(gluconate) 

3 

0 

0 


Colloids 


5 % albumin 

309 

130-160 

<1 

130-160 

0 

0 

0 

0 

25% albumin 

312 

130-160 

<1 

130-160 

0 

0 

0 

0 

Fresh frozen 
plasma 

300 

140 

4 

no 

25 

(bicarbonate) 

0 

0 

0 

3,5 % 

ILacmacccI 

301 

145 

5 

145 

0 

0 

6 

0 

6% 

hclasiarch 

310 

154 

0 

154 

0 

0 

0 

0 

Dcxtran 40 or 

70 

310 

154 

0 

154 

0 

0 

0 

0 
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Fluid and Electrolytes Management 


Table (12): Different types of intravenous fluids 


Fluid 

Fluid type* 

Osmolality 
(compared 
with plasma) 

Tonicity 

(with 

reference to 

cell 

membrane) 

Sodium 

content 

(mmol/ 

litre) 

Potassium 

content 

(mmol/ 

litre) 

Isotonic crystalloids that 
contain sodium in the range 
131-154 mmol/litre 

0.9% 

sodium 

chloride 

Isosmolar 

Isotonic 

154 

0 

Hartmann's 

solution 

Isosmolar 

Isotonic 

131 

5 

Isotonic crystalloids with 
glucose that contain 
sodium in the range 
131-154 mmol/litre 

0.9% 

sodium 

chloride 

with 5% 
glucose 

Hyperosmolar 

Isotonic 

150 

0 

Hypotonic fluids 

0.45% 

sodium 

chloride 

with 5% 
glucose 

Hyperosmolar 

Hypotonic 

75 

0 

0.45% 

sodium 

chloride 

with 2.5% 
glucose 

Isosmolar 

Hypotonic 

75 

0 

0.45% 

sodium 

chloride 

Hyposmolar 

Hypotonic 

75 

0 

5% glucose 

Isosmolar 

Hypotonic 

0 

0 

10% glucose 

Hyperosmolar 

Hypotonic 

0 

0 
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Fluid and Electrolytes Management 


N.B: 

0.9% sodium chloride with 5% glucose fluid is isotonic fluid but hyperosmolar 
is used in deficit therapy and to treat hyponatremia it’s not commercially available in 
our hospitals so it can be replaced by fluid cocktail made as follows 

Hypertonic saline 3%: glucose 5% by concentration 1:3 

Giving Na 130mEq/L and glucose 3.7% 

References: 

> The Royal Children's Hospital Melbourne, Clinical Practice Guidelines of hypokalemia march 2016 

> Standards for Pediatric Intravenous Fluids: NSW Health (second edition) august 2015 

> Intravenous fluid therapy in children and young people in hospital NICE guideline Published: 9 December 2015 
nice.org.uk/guidance/ng29 

> Fluid and Electrolyte Disturbances, Nottingham children’s university November 2015 

> Nelson text book of pediatrics 20th edition 2015 chapter 57 deficit therapy 
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Acute Severe Asthma 



Acute Severe Asthma 


Management of acute severe asthma in ER: 

Initial management: 

• Routine vital signs and check saturation, blood pressure and height 

• Perform Pediatric Asthma Score (PAS) 

Table (13): Pediatric intensive care unit pediatric asthma score (Nievas etal20i3) 


Examination component 

1 

2 

3 

Respiratory rate 




l-4y 

<34 

35-39 

>40 

4-6 y 

<30 

31-35 

£36 

6-12 y 

<26 

27-30 

£31 

>12 y 

<33 

24-27 

£28 

0 2 requirement 

>95% on room air 

90%-95% on room air 

<90% on room air or any 
oxygen 

Retractions 

None or intercostal 

Intercostal and substernal 

Intercostal, substernal, and 
supraclavicular 

Work of breathing (count 
to 10) 

Speaks in sentences, coos 
and babbles 

Speaks in partial 
sentences, short cry 

Speaks in single words/short 
phrases, grunting 

Auscultation 

Normal breath sounds to 
end-expiratory wheezes 
only 

Expiratory wheezing 

Inspiratory and expiratory 
wheezing to diminished 
breath sounds 


• Oxygen to keep Sp02 greater than 90% 

• Give combination ipratropium bromide 0.5 mg nebulized with albuterol (weight 
specific dosing below) for a total of up to three initial treatments 

Weight Dose Frequency 

Less than 20 kg 2.5 mg = 0.5 ml 3 times 

20 kg or more 5 mg =1 ml 3 times 

• Repeat PAS after nebs 

• Prednisone (or equivalent) 2mg/kg orally with a maximum dose of 80 mg to any 
child with a PAS score over 7 after the first nebulizer treatment and not 
contraindicated. 













Acute Severe Asthma 


Then follow algorithm 


Good Response 

PAS 5 to7 within 30 minutes of completing nebs 
AND Sp0 2 greater than 90% on room air (RA) 


Incomplete Response (PAS 8 to 11) or 
Poor Response (FAS 12 to151 with saturation less than 90% 


Observe for at least 60 minutes 
VS (HR, RR, Sp0 2 ), PAS in 1 hour 
if PAS 8 or if hypoxic, treat as 
‘"INCOMPLETE RESPONSE’ 


Discharge criteria: PAS 

less than 7 and SpO; 90% 

or greater on RA 

Discharge Plan 

i Home bronchodilator 
therapy every 4 hours for 
72 hours until seen by PCP 
or until completing oral 
steroids 

• Prescribe ora! steroids for 
patients receiving 2 or more 
albuterol treatments and 
consider if patient has a 
history of severe asthma 
exacerbations 

• Prescribe fluticasone 
propionate (Flovent) 44 meg 
if the patient has one prior 
ED visit and/or 
hospitalization within the last 
12 months and they are nol 
already on a controller 
medication 

> Asthma Education and 
Asthma Action Plan 

i If needed, provide phone 
number® for potential PCP, 

» Re-label beta agonist for 
hom e use 


Place on cardio-respiratory monitor with VS (HR,RR,Sp0 2 ) every 
Begin systemic corticosteroids 
Albuterol continuous neb with oxygen as 


hour 


Weight 


Dose 


Less than 20 kg 
20 kg or more 


7.5mg/hr 

lOmg/hr 


Recheck in one hour: 

• If PAS less than 8, go off continuous 

• If PAS is 8 or more put the child back on continuous 

• If PAS is 12 or greater, go to “Poor Response” below. 


PAS < 8, Once patient is off continuous: 

♦ Observe for 2 hours 

♦ If PAS Is 8 or more, put back on continuous 

nebs and monitor hourly. 

♦ If PAS is less than 8 at 2 hours give 2-8 puffs 

Albuterol MDI and wean as tolerated and 
consider discharge 


PAS 8-11, For patients still on 

continuous nebs: 

• Repeat PAS every hour 

• Consider a 30 minute trail off 

continuous neb, 

• Go to “POOR RESPONSE” if 

PAS is 12 or greater 


Admit Criteria : Unable to wean albuterol to every 2 hours or Sp0 2 less than 90% on room 
air. ** RT and floor RN must be notified before transfer to the inpatient unit** 


JCU 

• Requires more than one dose of IV 

magnesium, terbutallne Infusion, or 
subcutaneous epinephrine 

• Continuous neb requirements below 

Weight Dose 

Less than 20 kg More than 7.5 mg/hr 
20 kg or more More than 10 mg/hr 

• Change in mental status 

• Impending respiratory failure 
•_Noninvasiye_Vent|at[on_reguJred _ 


FLOOR 

• Albuterol every 2 hrs or stable on 

continuous albuterol neb for at least 1 
hour 

• Continuous neb requirements below 

Weight Dose 

Less than 20 kg More than 7.5 mg/hr 
20 kg or more More than 10 mg/hr 

• Normal mental status 


PAS >12, Poor 

Response: 

• Consider ABG 
and CXR 

• Increase 
albuterol per ED 
attending and 
adjunct therapies 
such as IV 
magnesium, 
noninvasive 
ventilation, or 
subcutaneous 
terbutallne 

• Consult ICU 
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Acute Severe Asthma 
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Acute Severe Asthma 


Treatment of acute severe asthma in PICU 

7- monitoring^ 

Noninvasive blood pressure and oxygen saturations (Sp02). Those with 
respiratory failure requiring mechanical ventilation should undergo the placement of 
central venous, arterial, and urinary bladder catheters. 

2- Oxygen: 

Oxygen should be used as carrier gas for intermittent or continuous 
nebulization and to keep oxygen saturation above 92%. 

3- Steroids 

Methylprednisolone loading dose of 2 mg/kg followed by 0.5 to 1 mg/kg every 
6 hours. 


4- Bronchodilator 

The usual dose for continuous albuterol nebulization ranges from 0.15 to 0.5 
mg/kg/h. 

Nebulized ipratropium, in 0.25 to 0.50 mg doses, can be used every 20 minutes 
during the first hour, followed by the same dose range every 6 hours. 

5- Magnesium Sulfate 

- The dose of magnesium sulfate is 25 to 50 mg/ kg/dose (maximum 2 g), infused 
for 20 to 30 minutes, and followed by continuous infusion dependent on the 
patient’s weight. 

- Children weighing < 30 kg: of 25 mg/kg/h 

- Children weighing > 30 kg may receive 20 mg/kg/h, 

- Infusion rates must not exceed 2 g/h in any patient. Titration to the desired clinical 
effect should be based on serum magnesium concentrations and tolerability. 

Keep serum magnesium level below 6m2 /dl 

- Observation of magnesium sulphate side effects: 

Serum magnesium concentrations above 9 mg/dL causes: 

- Nausea, flushing, somnolence, vision changes, muscle weakness and hypotension 

Serum magnesium concentrations above 12 mg/dL causes: 

- Respiratory depression and arrhythmias 
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6-Methxlxanthines 


■ The theophylline dose is 80% of the aminophylline dose. 

■ A loading intravenous dose, 5mg/kg of theophylline or 6 mg/kg of 
aminophylline, given during 20 minutes is needed to achieve a therapeutic 
concentration. 

■ After the loading dose, a continuous infusion should be started. Infants younger 
than 6 months are 0.5 mg/kg/h 

■ Infants 6 months to 1 year 0.85 to 1 mg/kg/h 

■ Children 1 to 9 years, 1 mg/ kg/h 

■ Children older than 9 years, 0.75 mg/kg/h. 

Serum drug concentrations should be obtained: 

- 30 to 60 minutes after the loading dose is finished 

- At 12 hours after the beginning of the continuous infusion 

- Every 12 to 24 hours or when toxicity is suspected. 

7-Mechanical ventilation of_asthmatic patients : 

• Bilevel Positive. Airway Pressure 

Noninvasive positive pressure ventilation (NPPV) in addition to conventional 
therapy showed clinical improvement and correction of gas exchange abnormalities in 
children and adults with asthma. NPPV was well tolerated in children, including 
patients as young as 1 year 

Typically recommended settings include an inspiratory positive airway pressure of 
10 cm H20, an expiratory positive airway pressure of 5 cm H20, with or without a 
low back-up ventilation rate. 

Criteria for selecting severe^ asthmatic patients for NPPV tried 

> Tachypnea above normal limit of age 

> Tachycardia above normal limit of age 

> Use of accessory muscles of respiration 

> Hypoxia with a Pa,02/FI,0 2 ratio >200 mmHg 

> Hypercapnia with Pa, C0 2 , 60 mmHg FEV 1< 50% pred" 
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Acute Severe Asthma 


Absolute and relative contraindication for noninvasive positive pressure 

ventilation (NPPV) trial 

■ Absolute contraindications 

> Need for immediate endotracheal intubation 

> Decreased level of consciousness 

> Excess respiratory secretions and risk of aspiration 

> Past facial surgery precluding mask fitting 

■ Relative contraindication: 

> Hemodynamic instability 

> Severe hypoxia and/or hypercapnia, Po2/Fio2 ratio of [ 200 
mmHg, Pco2 ] 60 mmHg 

> Poor patient cooperation 

> Severe agitation 

> Lack of trained or experienced staff 


• Invasive mechanical ventilation: 


1- Criteria for intubation 


2- Recommendations for intubation technique 

3- Recommendations for appropriate ventilator settings 

4- Management in the immediate postintubation period 

5- Medical management of asthma in the ventilated patient 

6- Prevention and treatment of complications. 
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1- Criteria for Intubation: 


• Clinical: 

-Cardiac arrest 
-Respiratory arrest 
-Progressive exhaustion 

- Altered sensorium such as lethargy or agitation, interfering with oxygen 
delivery or anti-asthma therapy. 

• Laboratory: 

-pH less than 7.2, carbon dioxide pressure increasing by more than 5 mm Hg/h 
or greater than 55 to 70 mm Hg, or oxygen pressure less than 60 mm Hg on 
100% oxygen delivered through a mask. 

- Failure to reverse severe respiratory acidosis despite intensive therap. 

2- Recommendation for intubation: 

• Orotracheal intubation with sedation and neuromuscular blockade are 
preferred for asthmatic patients in critical respiratory distress. 

• Intubation medication: 

-Atropine at a dose of 0.02 mg/kg IV (minimum 0.1 mg, maximum 0.5 mg 
child, 1 mg adolescent) used to attenuate the vagal reflexes that lead to 
laryngospasm and worsen bronchospasm 

- Ketamine: 1.0 to 1.5 mg/kg I.V and 1.0 to 1.5 mg/kg succinylcholine I.V 

Ketamine: It stimulates the release of catecholamines leading to 
bronchodilation; Side effects include hypersecretion, hypotension and 
hypertension, arrhythmias, and hallucinations 

-Or propofol 2 mg/kg administered I.V over 2 minutes with succinylcholine, 
preferred in patients with hypertension, and succinylcholine should be avoided 
in patients with hyperkalemia. 
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Acute Severe Asthma 


3- Mechanical ventilation recommendations: 

1) Low rate 

2) Low PEEP 

3) Prolonged expiratory time 

4) Allow hypercapnia: till pH as low as 7.15 and a Pa C02 of up to 80 mmHg 
All these settings to avoid hyperinflation and auto-PEEP 

5) Deal with expected complications: 

• Hypotension: 


^ Look for: 

- Pneumothorax 

- Hypovolemia 

- High auto PEEP 


• Cardiac arrest: 

^ Look for: 

- Hypoxia 

- Exclude right mainstem intubation (21 cm at incisors) 

- Exclude pneumothorax and place pleural drain 

- Exclude pneumonia and other lung disease 

- Pneumothorax 
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Acute Severe Asthma 


Mechanical ventilation algorithm 


Used to attenuate the vagal 
reflexes that lead to 
laryngospasm and worsen 
bronchospasm 


Atropine 

(0.02 mg/kg IV minimum 0.1 mg, maximum 0.5 mg child, 
mg adolescent) 


1 


Stimulates the release of 
catecholamines leading to 
bronchodilation; Side effects include 
hypersecretion, hypotension and 


Ketamine 

(Dose: 1.0 to 1.5 mg/kg I.V) 


Intubation 

(Orotracheal is preferable) 


Mechanical ventilation settings 

Low rate 
Low PEEP 

Prolonged expiratory time 
Allow hypercapnia 


(Till pH as low as 7.15 and a Pa C02 of up to 80 mmHg) 


Refrences: 

> Nievas IF, Anand KJ, Severe acute asthma exacerbation in children: a stepwise approach for escalating therapy in 
a pediatric intensive care unit. J Pediatr Pharmacol Ther. 2013 Apr;18(2):88-104. doi: 10.5863/1551-6776-18.2.88. 

> Barry Brenner, Thomas Corbridge, and Antoine Kazzi Intubation and Mechanical Ventilation of the Asthmatic 
Patient in Respiratory Failure Proc Am Thorac Soc Vol 6. pp 371-379, 2009 

> A. Soroksky, E. Klinowski, E. Ilgyev, A. Mizrachi, A. Miller, T. M. Ben Yehuda, I. Shpirer, Y. Leonov 
Noninvasive positive pressure ventilation in acute asthmatic attack Eur Respir Rev 2010; 19: 115, 39-45. 

> Asthma clinical care guidelines, Children’s Hospital Colorado 

> Soroksky, E. Klinowski, E. Ilgyev, A. Mizrachi, A. Miller, T. M. Ben Yehuda, I. Shpirer, Y. Leonov 2010 
Nonin vasive positive pressure ventilation in acute asthmatic attack, Eur Respir Rev 2010; 19: 115, 39-45 
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Status Epilepticus 


Status Epilepticus 

Definition 

5 min or more of (i) continuous clinical and/or electrographic seizure activity or (ii) 
recurrent seizure activity without recovery (returning to baseline) between seizures. 

Proposed Algorithm for Convulsive Status Epilepticus 

From 'Treatment of Convulsive Status Epilepticus in Children and Adults," Epilepsy Currents 16.1 -Jan/Feb 2016 


Interventions for emergency department, in-patient setting, 
or prehospital setting with trained paramedics 


0-5 Minutes 
Stabilization 
Phase 


1. Stabilize patient (airway, breathing, circulation, disability - neurologic exam) 

2. Time seizure from its onset, monitor vital signs 

3. Assess oxygenation, give oxygen via nasal cannula/mask, consider intubation if respiratory assistance 
needed 

4. Initiate ECG monitoring 

5. Collect finger stick blood glucose. If glucose < 60 mg/dl then 

Adults: 100 mg thiamine IV then 50 ml D50W IV 

Children > 2 years: 2 ml/kg D25W IV Children < 2 years: 4 ml/kg D12.5W IV 

6. Attempt IV access and collect electrolytes, hematology, toxicology screen, (if appropriate) anticonvulsant 
drug levels 


5-20 Minutes 
Initial Therapy 
Phase 


20-40 Minutes 
Second Therapy 
Phase 


t 



Does Seizure 
Continue? 



i 


A benzodiazepine is the initial therapy of choice (Level A): 

Choose one of the following 3 equivalent first line options with dosing and frequency: 

• Intramuscular midazolam (10 mg for > 40 kg, 5 mg for 13-40 kg, single dose, 
Level A) OR 

• Intravenous lorazepam (0.1 mg/kg/dose, max: 4 mg/dose, may repeat dose 
once. Level A) OR 

• Intravenous diazepam (0.15-0.2 mg/kg/dose, max: 10 mg/dose, may repeat dose 
once. Level A) 

If none of the 3 options above are available, choose one of the following: 

• Intravenous phenobarbital (15 mg/kg/dose, single dose. Level A) OR 

• Rectal diazepam (0.2-0.5 mg/kg, max: 20 mg/dose, single dose, Level B) OR 

• Intranasal midazolam (Level B), buccal midazolam (Level B) 


If patient at baseline, 
then symptomatic 
medical care 


i 



Does Seizure 
Continue? 





There is no evidence based preferred second therapy of choice (Level U): 

Choose one of the following second line options and give as a single dose 

• Intravenous fosphenytoin (20 mg PE/kg, max: 1500 mg PE/dose, single dose, 
Level U) OR 

• Intravenous valproic acid (40 mg/kg, max: 3000 mg/dose, single dose, 

Level B) OR 

• Intravenous levetiracetam (60 mg/kg, max: 4500 mg/dose, single dose. Level U) 
If none of the options above are available, choose one of the following (if not given 
already) 

• Intravenous phenobarbital (15 mg/kg, single dose. Level B) 


If patient at baseline, 
then symptomatic 
medical care 


1 



Does Seizure 
Continue? 





40-60 Minutes 

There is no clear evidence to guide therapy in this phase (Level U): 


If patient at baseline, 

Third Therapy 

Choices include: repeat second line therapy or anesthetic doses of either thiopental, 


then symptomatic 

Phase 

midazolam, pentobarbital, or propofol (all with continuous EEG monitoring) 


medical care 



American 

Epilepsy 

Society 


Disclaimer: This clinical algorithm/guideline is designed to assist clinicians by providing an analytic framework for evaluating and treating 
patients with status epilepticus. It is not intended to establish a community standard of care, replace a clinician's medical judgment, or 
establish a protocol for all patients. The clinical conditions contemplated by this algorithm/guideline will not fit or work with all patients. 
Approaches not covered in this algorithm/guideline may be appropriate. 

2016 © Epilepsy Currents 
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Status Epilepticus 
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Table (14): Intermittent drug dosing in SE (Brophy etal., 2012) 


Drug 

Initial dosing 

Administration rates 
and alternative dosing 
recommendations 

Serious adverse effects 

Considerations 

Diazepam 

0.15 mg/kg IV up to 

10 mg per dose, may 
repeat in 5 min 

Up to 5 mg/min (IVP) 

Peds: 2-5 years, 0.5 mg/kg 
(PR); 6-11 years, 0.3 
mg/kg (PR); greater than 

12 years, 0.2 mg/kg (PR) 

Hypotension 

Respiratory depression 

Rapid redistribution (short 
duration), active metabolite, 

IV contains propylene glycol 

Lorazepam 

0.1 mg/kg IV up to 

4 mg per dose, may 
repeat in 5-10 min 

Up to 2 mg/min (IVP) 

Hypotension 

Respiratory depression 

Dilute 1:1 with saline 

IV contains propylene glycol 

Midazolam 

0.2 mg/kg IM up to 
maximum of 10 mg 

Peds: 10 mg IM (>40 kg); 

5 mg IM (13-40 kg); 

0.2 mg/kg (inlranasal); 

0.5 mg/kg (buccal) 

Respiratory depression 
Hypotension 

Active metabolite, renal 
elimination, rapid redistribution 
(short duration) 

Fosphenytoin 

20 mg PH/kg IV, may 
give additional 

5 mg/kg 

Up to 150 mg PE/min; may 
give additional dose 

10 min after loading 
infusion 

Peds: up to 3 mg/kg/min 

Hypotension 

Arrhythmias 

Compatible in saline, dextrose, and 
laclatcd ringers solutions 

Lacosamide 

Leveliracelam 

2(XM00 mg IV 

1,000-3,000 mg IV 

Reds: 20-60 mg/kg IV 

200 mg IV over 15 min 

No pediatric dosing 
established 

2-5 mg/kg/min IV 

PR prolongation 
Hypotension 

Minimal drug interactions 

Limited experience in treatment 
of SE 

Minimal drug interactions 

Not hcpatically metabolized 

Phenobarbilal 

20 mg/kg IV, may give 
an addil tonal 

5-10 mg/kg 

50-100 mg/min IV, may give 
additional dose 10 min 
after loading infusion 

Hypotension 

Respiratory depression 

IV contains propylene glycol 

Phenytoin 

20 mg/kg IV, may give 
an additional 

5-10 mg/kg 

Up to 50 mg/min IV; may 
give additional dose 

ID min after loading 
infusion 

Peds: up to 1 mg/kg/min 

Arrhythmias 

Hypotension 

Purple glove syndrome 

Only compatible in saline 

IV contains propylene glycol 

Topiramalc 

2(XW(XJ mg NG/PO 

300-1,600 mg/day orally 
(divided 2-4 times daily) 

No pediatric dosing 
established 

Metabolic acidosis 

No IV formulation available 

Valproate 

20-40 mg/kg IV, may 

3-6 mg/kg/min, may give 

Hyperammonemia 

Use with caution in patients with 

sodium 

give an additional 

20 mg/kg 

additional dose 10 min 
after loading infusion 

Peds: 1.5-3 mg/kg/min 

Pancreatitis 

Thrombocytopenia 

Hepatotoxicity 

traumatic head injury; may be a 
preferred agent in patients with 
glioblastoma multi forme 


IM intramuscular; IV intravenous; IVP intravenous push; min minute; NG nasogastric; PE phenytoin equivalents; PEDs pediatric; PO by mouth; 
PR rectal administration; PRIS propofol related infusion syndrome 
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Status Epilepticus 


Table (15): RSE dosing recommendations (Bmphy etai, 2012) 


Drug 

Initial dose 

Continuous infusion dosing 
recommendalions-titrated to EEC 

Serious adverse effects 

Considerations 

Midazolam 

0.2 mg/kg; administer at an 
infusion rale of 2 mg/min 

0.05-2 mg/kg/hr Cl 

Breakthrough SE: 0.1-0.2 mg/kg 
bolus, increase Cl rate by 

0.05-0.1 mg/kg/hr every 3-4 h 

Respiratory depression 
Hypotension 

Tachyphylaxis occurs after 
prolonged use 

Active metabolite, renally 
eliminated, rapid 
redistribution (short 
duration), does NOT 
contain propylene glycol 

Pentobarbital 

5-15 mg/kg, may give 
additional 5-10 mg/kg; 
administer at an infusion 
rate <50 mg/min 

0.5-5 mg/kg/h Cl 

Breakthrough SE: 5 mg/kg bolus, 
increase Cl rate by 0.5-1 
mg/kg/h every 12 h 

Hypotension 

Respiratory depression 

Cardiac depression 

Paralytic ileus 

Requires mechanical 
ventilation 

IV contains propylene 
glycol 




At high doses, complete loss 
of neurological function 


Propofol 

Start at 20 meg/kg/min, 
with 1-2 mg/kg 
loading dose 

30-200 meg/kg/min Cl 

Use caution when administering 
high doses (>80 meg/kg/min) 
for extended periods of time 
(i.e„ >48 h) 

Peds: Use caution with doses >65 
meg/kg/min; contraindicated in 
young children 

Breakthrough SE: Increase Cl rate 
by 5-10 meg/kg/min every 

5 min or 1 mg/kg bolus plus Cl 
titration 

Hypotension (especially 
with loading dose in 
critically ill patients) 

Respiratory depression 

Cardiac failure 
Rhabdomyolysis 

Metabolic acidosis 

Renal failure (PRIS) 

Requires mechanical 
ventilation 

Must adjust daily caloric 
intake (1.1 kcal/ml) 

Thiopental 

2-7 mg/kg, administer at 
an infusion rate 
<50 mg/min 

0,5-5 mg/kg/h Cl 

Breakthrough SE; 1-2 mg/kg 
bolus, increase Cl rate by 

0.5-1 mg/kg/h every 12 h 

Hypotension 

Respiratory depression 

Cardiac depression 

Requires mechanical 
ventilation 

Metabolized to 
pentobarbital 


Cl continuous infusion; EEC electroencephalogram; h hour; IM intramuscular; IV intravenous; I VP intravenous push; min minute; PRIS propofol 
related infusion syndrome 
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Status Epilepticus 


N.B: 


• If patient is less than 18 months give pyridoxine 100 mg i.v 

• As regards thiopental infusion: 

> If thiopental infusion is started stop midazolam infusion 

> Increase thiopental infusion by 1 mg/kg/hour every 30 min and give 
2mg/kg bolus as needed if seizures is occurred on infusion 

> If convulsion is controlled Taper thiopental infusion after 24- 48 
hours by 25% decrease every 12 hours 

• As regard propofol infusion: 

> When seizures have been controlled for 12 hours, the drug dosage 
should be slowly reduced over a further 12 hours. If seizures recur, 
the drug infusion should be given again for another 12 hours, and 
then withdrawal attempted again. This cycle may need to be 
repeated every 24 hours until seizure control is achieved. 

• When to do EEG: 

1. After clinical control of convulsion to diagnose subclinical status 
epilepticus 

2. After midazolam or thiopental or propofol infusion to document 
burst suppression 

Acknowledgment: 

- Thanks to Prof. Dr. Hoda Tomom, and Pediatric Neurology Team for their 
help and participation in this chapter. 

References: 

> Gretchen M. Brophy, Rodney Bell, Jan Claassen, Brian Alldredge, Thomas P. Bleck, Tracy Glauser et al., Guidelines 
for the Evaluation and Management of Status Epilepticus Neurocrit Care Springer Science+Business Media, LLC 2012 

> Proposed Algorithm for Convulsive Status Epilepticus From “Treatment of Convulsive Status Epilepticus in Children 
and Adults,” Epilepsy Currents 16.1 - Jan/Feb 2016 

> Nicholas S. Abend, MD and Dennis J. Dlugos, MD, MSCE, Treatment of Refractory Status Epilepticus: Literature 
Review and a Proposed Protocol PEDIATRIC NEUROLOGY Vol. 38 No. 6 june 2008 
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Diabetic ketoacidosis 


*—.—-- ^r 1 

Type I diabetes mellitus (1DDM), or Type II. insulin insufficient diabetes me i u 
other being severe hypoglycemia. 


The biochemical criteria: 

Blood glucose 
Venous pH 
bicarbonate 

Ketonemia or Kctonuria 


> 200 mg.'dL 

T73 

< 15 mmol/L 


4 The severity of DKA is categorized b v the decree or acidosis 


1 npprpe 

PH 

HC03 


Mild 

<7.3 

<15 mmol/L 


Moderate 

<7.2 

<10 mmol/L 


severe 

<7,1 

<5 mmol/L 

—. ^1 


4 C linical si^ns: 

1. Dehydration (which may be difficult to detect) 

2. Tachycardia 

3. Tachypnea (which may be mistaken for pneumonia or asthma) 

4. Deep, sighing (Kussmaul) respiration: breath has the smell of acetone 

5. Nausea, vomiting (which may be mistaken for gastroenteritis) 

6. Abdominal pain that may mimic an acute abdominal condition 

7. Contusion, drowsiness, progressive reduction in level of consciousness and, 
eventually, loss of consciousness. 
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4 Management: 

Acute management should follow the general guidelines for PALS with particular 
attention to the following aspects for the child who presents in DKA* 

1, Immediately measure BG and urine ketone concentrations with bedside meters. 

2. Perform a clinical evaluation to identify a possible infection 

3. Weigh the patient 

4, Assess sever it y of dehydration: 


5% dehydration 

y Prolonged capillary refill time (normal 
capillary refill is <1 S-2 s) 

> Abnormal sktn turgor (Renting’ or 
inelastic skin) 

> Abnormal respiratory pattern 
(hyperpneaf 

> Dry mucus membranes, sunken eyes, 
absent tears, weak pulses, and cool 
extremities. 

>10% dehviiralion 

y weak or impalpable peripheral pulses 

> hypotension 

> oliguria 


5. Assess level of consciousness using Glasgow coma scale (GCS), 

6. Additional measures is done of unconscious patient Secure the airway and empty 
the stomach by continuous nasogastric suction to prevent pulmonary aspiration 

7. Give oxygen to patients with severe circulatory impairment or shock. 

8. A cardiac monitor should be used for continuous electrocardiographic monitoring 
to assess T waves for evidence of hyper- or hypokalemia 

9. Obtain a blood sample for laboratory measurement of: 

1. Serum or plasma glucose 

2 . Electrolytes {including Na, K) 

3. Blood urea nitrogen, creatinine 
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5. Venous pH, pCQ2 u H c ount in 

6 . complete blood count. Note ^ ^ of infection, 

response to stress is characteristic ot DKA an • 1 

7. Albumin, calcium, phosphorus, magnesium concentrations. 

8. Urine analysis j 

9 . cultures (blood, urinary, sputum) only if evidence of mfect, l 

10 HbAlc to assess duration of hyperglycemia 

the bladder should be catheterized 

m Goals o jtherapi : 1 

a . Correct dehydration 

b. Correct acidosis and reverse ketosis 
c Restore BG to near normal 

d. Monitor for complications of OKA and its treatment 

e. Identify and treat any precipitating event 
® Calculations! 

❖ Anion gap = Na - (Cl + HC03): normal is 12 ± 2 mmol/L. I 

o to DKA. the anion gap is typically 20-30 mmol/Lt an amon gap >35 mmol/L 

suggests concomitant lactic acidosis, 

❖ Corrected sodium = measured Na + 2 [(plasma glucose - 100)/100[ mg. dL. 

✓ Patients with DKA are liable for hyponatremia due to: 

• Glucose largely restricted to the extracellular space, causes osmotic 

movement of water into the extracellular space thereby causing dilutions! 

hyponatremia 

■ the low sodium content of the elevated lipid fraction ot the scrum in f)KA 
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I-Fluid therapy: 


Fluid replacement should begin before starling insulin ihcrapv, 

1. Anti shock theranv : 

St is given as required, to restore peripheral circulation* 

• Patients not in shock but with volume depletion —> ' <>: 20 ml ' k ® over 1 " 
hours may need to be repeated until tissue perfusion is adequate. 

• Patient with DKA In shock: rapidly restore circulatory volume w ith isotonic 
saline in 20 ml./kg boluses infused as quickly as possible through a large- 
bore cannula with reassessment after each bolus. 


2. UpHtH therapy: 

. In moderate DICA 5- 7% (50:70 ml I kg) 

. m sever DKA 7-10% (70:100 ml/kg) 

Calculate the subsequent rate of fluid administration, including the prov.sion o. 
maintenance fluid requitements. aiming to replace the estimated fluid detteft evenly 

over 48 h. 

Maintenance fluid: to be calculated based on body weight. 

ft ,*.m life ***** *» “• *■* 10k8 “■ 20 

rn. - “—*« —’ 

maintenance requirement. 
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^^ 7 ^w^Tinienanci?+ 5% of hodyl 
DKA & w<?ifiht/24 hr 



38 

1790 

3530 

_ - 

40 

1850 

3700 

154 _| 

45 

1980 

3960 

165 l 

50 

2100 

4200 

175 

55 J 

2210 

4420 

184 

60 

2320 

4640 

_ 

65 

2410 

4820 

201 _] 

70 

2500 

5000 

“ 208 ! 

75 

2590 

5180 

216 J 

80 

2690 

5380 

224 


1 






Table 1: showing maintenance volumes, also after subtraction of initial boluses gi"' 11 
for the patient assuming it was 10-20 ml/ kg 


i 


www.Medicine4u.aet 


1 


\ 


























































































































































































































t haStti ■ it |i w-il ■-l' 


a ,iration "ri v Quid t h,. r ,,„ r 

* * h 

•litis over re in y [it der t>f lime for replace muni:! liis is calculated based 
°n serum osmolality (mosmol/kg HjO); 

^hj tk?k d Iffitt * ll t/N j JTnp • ^ 

Calculate s-osmolalily - Na + (meq/ll X 2 + ~ 4 m 

It s-oatnolaiity 300 -<320 -> correct uver 24 flours 

- ! I’ s-osmolality > 320 - < 340 -> correct over 30 hours, 

- If a-oamolalily > 340 or initial sNa'>l5U mcq/l- -> correct «v<?r 

48hotirs. 

2. Insulin theranv: 

Insulin therapy: begin with 0.1 UAtg/h in patients above live >ear^ 

0,05 U/Kg/h in patients below tive years 

Insulin drip start 1-2 h AFTER sinning ^ replacement therapy. 

Dilute 50 units regular human — In 500 ml. nonna. saline. «U uni, insulm =1 

ml). 

3 . j w si.im r ^l > Ja£gg; , s ^ ^available, an ECO may help ,o 

d6t ^ --> prolongation of the PR interval 

I > T-vfflve flattening and invasion I 

I > ST deprc^ on » prominent L ( 

> apparent long QT interval (due to 
' r„ i-.n T and WC* 

-"fall, peaked, and symmetrical 

> Snin^^LSIi^ 


S^ns of hypokalemia in 


ECG- _ 
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serum K > 5-5 mEq/L:defer potassium 

replacement therapy until urine output is 
documented > 1.5 cc/Kg/ 


v , c . c SmEq/L: start K infusion 

serum K 3.b . 

on I.V fluids after initial fluid resusitation 
on 40 mEq/L 


serum K < 3.5 mEq/L: start potassium 

replacement at the time of initial volume 
expansion and before starting insulin 
therapy on concentration of 20 mmol/L 
then continue on 40 mEq/L 


4, Bicarbonate ad min is! rati o_ni 

Bicarbonate administration is not recommended except tor treatment oi i. 

threatening hyperkalemia. 

Bicarbonate is NOT recoin men tied and lias potential hazards in patients with 
DKA: 

1. HCO 3 diffuses slowly through BBB 

(HCO* + H' 4 C0 2 + H 2 0) 

CO? diffuses rapidly paradoxical CNS acidosis * ] risk of cerebral edema 

2, Alkalosis is associated with hypokalemia, 

3. May f s-Na in a patient with hyperosmolar dehydration. 

4, HCOj therapy shifts the OxyHb dissociation curve to the left (decreases 
0 2 release to the tissues) -> | tissue hypoxia. 
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L ‘ L,, .. JJn L, ---iv.. r -, j t5iabdl<J«toK'SiliHl» 

Indication for bicarbonate therapy in patients with DKA: 

^ ^ A p<uient with pM < 6,9 who is in shock with decreased 
cardiac contractility and peripheral vasodilatation with 
poor tissue perfusion, 

(2) Patients with LIFE THREATENING Hyperkalemia, 

* In these cases only Give NaHCO^ 1 -2 mcq/kg or 80 meq/m body surlace area 
added to 0.45% saline over 1 hoar (never by bolus). 

■ Be careful about s-K + and DO NOT stop K mftision while bicarbonate it being 
given. 

■ Reassess alter 1 hour of finishing bicarbonate .illusion. 


Rate of I.V fluid administration! 

Rate of I.V fluid and insulin drips depend on RBS and ran. ol decent ot RE 
which should not exceed 90 mg/dL. 



300 m^L Saline 0.9% 


- ^ - Ml Saline 0.9%: glu 5% 

140 :30tl mg/dL 

Or rate of decrease 

>90 mg/dL-- - saij«0.'9%rg'u 

80: 140 mgM 1 ' 

Or rate of decrease _ 

>90 mg/dL_— - saUne0^%Tghi 

125,4 

> 90 mg /dL _— 

_—- Saline 6.9%: glu 

> 80 mg/dL 12.5% 

Or rate of decrease 

> 941 mg/dL _- 


> > 5 years 0. I lU/kg/h 

> > 5 y ea rs 0.Q5 ID/kgfti 

Same rate 


Same rate 


Same rate 


Decrease to half rate 
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is not corrected y „ u 

II'rate of blood sugar decrease l* 55 l ^ an 

should rev&lusw- 


1 . iv fluid calculations 

2 . Insulin delivery system &dost 

3. Need for additional resuscitation 

4. Consider sepsis 


m clinical ai r 1 hinrh ‘“ nnitmn - 

0 " - ~ nll a flow chart or hour-by-hour clinical observe,,.| 

There should be document at io results. Monitoring should include ;l 

IV and oral medications. fluids. and laboratoo 

following: 

■ ,iw«I 3 vital signs (heart rale, respirator) rate. 

- Hourly (or more frequently as indicated ) > Ml sig 

blood pressure>, 

. <« „»< w—»- ' 0<:S, 

vraminj .*» »*l <!**“** ofc«*ol ■*“ 

]) Headache 

2) inappropriate slowing of heart rate 

3) Recurrence of vomiting 

4) Change in neurological status (restlessness, irritability, increased dioiw:. 
incontinence) 

5) Specific neurologic signs (e.g., cranial nerve palsies, abnormal pup'^ r > 
responses) 

6) Rising blood pressure 

7) Decreased oxygen saturation 

g j Rapidly increasing serum sodium concentration suggesting loss oi urm<ir> 
water as a manifestation of diabetes insipidus (from interruption ot blood 
to the pituitary gland due to cerebral herniation) 
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PtnhclW 



of measured serum sodium levels to rise or si further decline in serum 
sodium levels with therapy is thought to be a potentially ominous sign of 
■Upending cerebral edema. Too rapid and ongoing rise In serum sodium 
concentration may also indicate possible cerebral edema as a result of loss ot 
free u a tci in the urine from diabetes insipidus* 

* Amount ot administered insulin, 

* Hourly (or more trequently as indicated) accurate lluid input iincluding all oral 
fluid) and output. 

* Capillary blood glucose concentration should be measured hourly fbut must be 
cross-checked against laboratory venous glucose* as capillary methods may b<- 
in accurate in the presence of poor peripheral circulation and acidosis). 

* Laboratory tests: serum electrolytes, glucose, blood urea nitrogen, calcium, 
magnesium, phosphorus, hematocrit, and blood gases should be repeat 
more frequently, as clinically indicated. In more severe cases* 


whw Should the F»tfc B l he trc*M?l ^^ 

,. Patients whh se,« DKA: (pH < 7.1, shock. <* »»„ leap *—»<* 
symptoms)* 

Patients with altered level of consciousness. 

OKA in children below 5 years (are at increased risk ofeerebra e « >■ 

Lticnts with high BUN, possible oliguria* acute M — <* 
„ eed of a central venous catheter & d.alys.s), 

5 jf cerebral edema develops as a complication ot treatment. 


2. 

3 * 

4. 
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r>io4Mk kcl5M«^ >L1 

Introdu ction G f nra i fj u jds ^nd shift to S.C. insulin 

- Can introduce oral fluids after substantial clinical improvement (mild 

acidosis/ketoste may still be present}. 

- Plan to change to SC insulin when ketoacidosis has resolved (pH > 7 3 . HCQ 3 
> 15, anion gap h normal) + oral fluids are tolerated. 

- Best is to shift before a meal time. 

' Start S.C, intermediate acting + short acting insulin. 

To prevent rebound hyperglycemia, the first SC injection should be given 15- 30 
min (with rapid acting insulin) or 1 -2 h (with regular insulin) before stopping the 
insulin infusion to allow sufficient time for the insulin to be absorbed. With 
intermediate or long-acting insulin* the overlap should be longer and the rate of 1\ 
insulin infusion gradually lowered. 

Introduction q£oral (htids and shift to S.C. insulin 

- Can introduce oral fluids after substantial clinical improvement (mild 

acidosis/ketosis may still be present). 

- Plan to change to SC insulin when ketoacidosis has resolved (pH > 7,3 . HCU? 

> 15. anion gap ts normal) + oral fluids are tolerated, 

- Best is to shift before a ineai time. 

Start S.C. intermediate acting + short acting insulin. 

* Qticuigte insulin dose fly ; 

0,7 U/kg/d in prepubertal children with long standing DM (may need ft 'H G 
in new cases). 

1 .0 U/kg/d at midpuberty. 

1 2 U/kg/d by the end of puberty, 

_ Gi ve the first dose of rapid-acting insulin analogue 15 minutes before sloppy 
insulin infusion and of regular insulin 1 hour before stopping it. 
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The incidence of clinically oven 

°-9% and the mortality- . t, ' rt ' ,r;l1 ede “* in naiional population studies is 0.5 

ly ra, « is 2! -24% 

Diagnosis is established by . 

1 ■ ()nc diagnostic criteria,, or 

2 ,wo major criteria or 

3- one major and two minor criteria 

sensitivity id 92% and a false positive rate of only 4%. Signs that 
r before treatment should not be considered in the diagnosis of cerebral edema. 


Diagnostic criteria 


* Abnormal motor or 
verba! response to pain 

* Decorticate or 
decerebrate posture 

* Cranial nerve palsy 
(especially 111- IV, and VI) 

* Abnormal neurogenic 
respiratory pattern (e,£-, 

grunting tachypnea. 

Cheyne Stokes respiration, 
apneusis) 


Major criteria 


* Altered 

m c n tat ionfl uctuat i ng I e ve \ 
of consciousness 

* Sustained heart rate 
deceleration (decrease 
more than 20 beats min) 
not attributable to 
improved intravascular 
volume or sleep state 

* Age-inappropriate 

incontinence 


ir intenti 


• Vomiting 
■ Headache 

- L ethargy or not easily 
arousahk 

• Diastolic blood pressure 
>90nunHg 


Age <5 yr 
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PifeHfo aando*i* 

Treatment of cerebral edema: 

Initiate treatment as soon as the condition is suspected. 

i. Reduce the rate of Hu id administration by one-third. 

ii Give mannitol 0.5 ] g/kg IV over 10 15 min* and repeat if there is no 
initial response in 30 min to 2 h. 

iii. Hypertonic saline (3%), suggested dose 2.5 5 mL/kg over 10-15 min, 
may be used as an alternative to mannitol especially if there is no initial 
response lo mannitol 

iv + Hyperosmolar agents should be readily available at the bedside* 

v. Elevate the head of the bed to 30.* 

vi. Intubation may be necessary for the patient with impending respiratory 
failure. 

vil After treatment for cerebral edema has been started cranial imaging may 
be considered as with any critically ill patient with encephalopathy or 
acute local neurologic deficit. The primary concern is whether the patient 
has a lesion requiring emergency neurosurgery (e.g>* intracranial 
hemorrhage) ora lesion that may necessitate anticoagutation (e.g 
c ere brovascu lar t hro mbosi s } 

References: 

• ISPAD Clinical Practice Consensus Guidelines 2014 Compendium 
. Protocol of Management of Type 1 Diabetes Mellitus, the Diabetes Clinic 

Children's Hospital - Ain Shams University 
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DUlNllL V.iJ-Irb.ii ail -i 


I mrodiivte asaodfimam 


Gllnlc#| Hlilaiy 

Potyiirut 

Potydpii# 

Weight. foan fWoigh) 
A&t(«ti|nnl pain 
tirsduM 
Vomiting 
Confusion 


Shock freduced ptitj)hera] pulw) 
Reduced conscious loveifcoma 


i 


Reeuscltatlen 

Airway ± NG lube 
Broalhing (100% 

Circulation (0 B% saline 
10-20 ml/kg owr h 
St ropotrt unlH circulation is 
restored} but do net oucwd 30 
nftlAg 


Acidosis noi improving 
dolorioraltori 


fifrevitfuflte 

fluid odaMtor* 
auFin delivery system s 
JB d tor additional ^ u ^' ca( ' c 

msider sepsis 


Glliilcjil Sign* 

Afliqsn dehydration 
Dwp siflhfng -rnspHiilKm (KupgriwjEli 
Smell <rf k*le4V3.i 
LuUiAigy/ditw^iitnu ± vi «m il ing 


4 


Dlagitotit confirmed 
Diabolic Ketoacidosis 
Contact StnlM Stall 


T 



BlKhtmiMl lAalurai ft 
InwtHyatLgni 

Knte^Wf hi urine 
Eleiraiad bleed (putftrt 
Acidwni.it 

Stud QnMe, urea, atoctratytoii 
Othmi Inratfagiiliorffl an 
indicated 


Dehydration >5% 

Not in shook 

AetKMte (liyperv«VlH*itiiMi| 

Vomiting ^ 


Minimal dehydration 
Tolontiing oral fluid 


i 


IV Therapy 

Calculate fluid roquirannwito 
Corxd ever 40 hours 
Satina OMSK 

ECG for abnormal T-waves 
Add K 40 mrnol.'L fluid 


Therapy 

Sinn wiili SC inoulm 
Continue oral hydration 


1 



No improvement | 


Conimuous meulrn inluaion slwind 1-2 hours 

altar fluids (0.0S-.1 uniil/kgAwur) 


Critical Observations 

Hourly Mood glucose 
Hourly fluid input & output 
Neurological statu* W least hourly 
Electrolyte* 2 hourly ahur start of IV therapy 
Monitor ECG tor T -wflV» changes 


J 



Blood glucusti ^17 mniolfl iSOtlmg^dL) 


Nnurcriogical 


* .*v 


or 


vi 

blood glucose falls >5 mmoWhour (SO 


i 


IV Therapy 
Change to 0.4S% saline + 3% glucow 
Adusl sodium intu8K>n 10 promote an 
increase in measured serum sodium 


WARNING SIGNS: 
hDDdaehn. stewing heart rale. 

irrtiflbilrty, decreased 

CORWclOUB llVVt 

apccdic neurological sign* 


E*cl 

Ui: 


i 


Exclude hypoglycaerni, 
' A cerebTSil edema 9 


D 


T 


i 


improvement 

Clinically welk t^ratinp oral ituids 


Transition to SC Insulin 

Start SC insulin then atop IV Inftufin 

appropriate interval 
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Management 

Give mannitol 0.5-1 fitofl oi 

ss-sas:***** 

OH senior stall 
Movft to iCU 
Consider cranial imaging 

only ^ pattern statin^ 













































































Sltcu h|r pcp|j1> H»i o 


f ' r- , JL V 

Stress hyperglycemia 

I IjP'irglyccmia is comnion in acute illness, even in the absence of known prior Insulin 
resistance or diabetes melliius {DM), Stress hyperglycemia, is common in pediatric 
critical illness, with an estimated 49- 72% of children experiencing IlG concentrations 
>150 mg/d I 

Effect: 

1 Several studies have demonstrated the associabon of stress hyperglycemia in 
critically ill children with mortality 

2. Stress hyperglycemia is associated with longer periods of ICU and hospital stay 
and more frequent nosocomial infections, including surgical site infections in 
critically ill children 

3 , Poor clinical outcome 
Causes: 

I. Elevated levels ol ant insulin hormones as: cortisol, glucagon, growth hormone, 
catecholamines* and various cytokines, which stimulate glycogenolysis and 
gluconeogenesis, resulting in a transient increase in blood glucose concentration 
that typically normalizes when the stress abates. 

2. Relative insulin deficiency, peripheral insulin resistance, and dehydration 
causing decreased renal perfusion w ith limitation of urinary glucose excretion 
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Management: 

Different protocols are adapted for management of stress hyperglycemia in different 
Institutes 


Here the protocol used in Ain shams university hospital PICU 

* initially patient should be kept on glucose intake maintaining GIR from: in 
patient less than 30 kgs 4:6 mg'kg/min 

In patient more than 30 kgs 2: 4 mg/kg/min 

* If the blood sugar of the patient is above 150 mg/dl for 1 hour in patients with 
multi organ failure or after 6 hours in patients with one organ lailure 

■ Initial insulin dose depend on blood sugar of the patient 

* Follow up RBS hourly than after 3 hours after stabilization of readings level 

* Titration can be done as present in the table guided by level of decent of RBS 

* Stop insulin drip if: 

t. -blood glucose 72 mg/dL 

2. -insulin rate <0.015 lU/kg/hr at any time or < 0.03 lU/kg/hr during 24 
hours 

3 . -start enteral bolus feeding 

4 . -interruption of continuous feeding or dextrose infusions 

5 . -discharge from PICU 

References: „ , , 

sJerh f>e vcii Xliran d J ? vo.i do Poldor M. Jowten K (2009) : Management ol hypcrgl^iti.a m the 
pediatric intensive care unit: implementation of a glucose control protocol, Pediatric ( nlical C arc 

Medicine 2009: 10:648-652. 
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Sires* 




Stop criteria: 

ho^s -surt enteral bolus feeding* 
-dsscha rge fr*m PICl^ 
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~ ____ AUttrul tanlllcfetk} 

Acute adrenal insufficiency 

Pefinitimi; 


’nal insufficiency is defined by the impaired synthesis and release of 

adrenocortical hormones. 

It is classified based upon the mechanism: 

A, Primary adrenal insufficiency, also known as Addison's disease, results from 
disease intrinsic to the adrenal cortex. 

B, Central adrenal insufficiency is caused by impaired production or action of 
adrenocorticotropic hormone (ACTH). It can be caused by several mcchanisms- 

L Secondary adrenal insufficiency results from pituitary disease impairing 
release of adrenocorticotropic hormone (ACTH). In addition, 
unresponsiveness of end-organs to adrenocortical hormones is classified as 
secondary adrenal insufficiency because this presents in a similar manner as 
diseases caused by adrenocorticotropic hormone (ACT.!) deficiencies. 

2 Tertiarv adrenal insufficiency results from the impaired release or effect of 
' corticotropin releasing hormone (CRH) from the hypothalamus. 


Causes: 


Major Causes are 


listed in the table below 
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H 

Primary adrenal 

Secondary adrenal 

Tertiary adrenal insufficiency 


insufficiency 

Insufficiency 


m 


Congenital adrenal 

hyperplasia 

Defects in aldosterone 

production 

Wolman disease 

Smith'Lemli-Opitz 

syndrome 






Congenital: 

* PROP-1 gene 
mutation 

* Pit-1 gene mutation 

• Idiopathic isolated 

ACTH deficiency 

Acquired; 

• Brain tumor 

* Brain hemorrhage 

• Brain surgery 
Cranial radiation 


* CRH gene defect 

* CRH receptor defect 



Congenital malformations of 
the brain 

SeptQ'Optic dysplasia 





Damage to otherwise 
normal adrenal glands 

* Bilateral adrenal 
hemorrhage of the 
newborn 

• Adrenal hemorrhage of 
acute infection 

• Keams-Sayre syndrome 

* polyglandular 
autoimmune 
syndromes 

• Infection as TB, HIV, 
CMV 

* Drugs as Ketoconazole 


End organ 
un responsive ness 

• Familial 
glucocorticoid 
resistance 

• Pseudohypoaldoster 

onism 1 


—i ■ 

Temporary isolated ACTH 

deficiency due to suppression 

of hypothalamic CRH secretion 

* Cessation of pharmacologic 
glucocorticoid therapy 

* Megestrol acetate (Megace) 1 
therapy 

» Resection of a unilateral 
cortisol-secreting tumor 

* Resection of an AC1H- 
secreting tumor 

* infants born to steroid 
treated mothers 



n. 

p 

p 


m 


peroxisomal defects 

* X-linked 

A dreno leukodystrophy 

* Refsum disease 

. Zellweger syndrome 
Unresponsive to ACTH 

« Familial glucocorticoid 
deficiency 

* Triple A syndrome 

(Allgrove syndrome) 


Brain injury 

* Brain tumor 

* Brain hemorrhage 

* Brain surgery 
Cranial radiation 



Infiltrative diseases (also cause 
secondary adrenal 
insufficiency) 

* Hemochromatosis 

* Sarcoidosis 

* Langerhans cell histiocytosis 


:u 
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Clinical picture: 

In neonates it can be presented with ambiguous genitalia in some r>?t- • ; 

adrenal h> perplasia 


Glucocorticoid 

Minero focortic o id 

Adrenal 


deficiency 

deficiency 

androgen 

production 



deficiency in 




females 



Gastrointestinal 

symptoms 

(nausea, 

vomiting) 

Fatigue, 

weakness 

Failure to thrive 

Morning 

headache 

Fasting 

hypoglycemia 

Increased 

insulin 

sensitivity 

Decreased 

gastric acidity 

Decreased free 

water 

clearance 


Hypotension, 

dizziness 

Muscle 

weakness 

Fatigue 

Gastrointestinal 

symptoms 

(nausea, 

vomiting, 

anorexia) 

Salt-craving 

Weight loss 

Dehydration 

Hyponatremia, 

hyperkalemia, 

metabolic 

acidosis, 

hypoglycemia 


Decreased 
pubic and 
axillary 
hair 

developme 
nt in 
pubertal 
patients 
Decreased 
libido in 
older 
patients 


of s* r ir j cosa 
palmar creases 
axillae, g^g va 
bonders 


Investigation: 

* Electrolytes: hyponatremia and hyperkalemia 

* ABG: metabolic acidosis 

* Hypoglycemia 

* 17 OH Progesterone 

* Serum cortisol S am 

* ACTH stimulation test 
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W hen to s uspect adrenal crisis: 

•Hypotension or shock, particularly if disproportionate to apparent 
•Scrum electrolyte abnormal! lies: 


underlying illness* 




m. 


A. 1 lyponatremia with or without hyperkalemia 

B. Metabolic acidosis 
C Hypoglycemia 

-Vomiting and diarrhea, sometimes with severe 
weight loss and anorexia. 


abdominal pain or unexplained lever. 


Cnnsider the diaetiosh in: 

1. Any patient with known disorders of adrenal insufficiency leg. congenital 
adrenal hyperplasia), especially if exposed to stress (illncsM 

2 Other patients presenting with the above signs, especially with 
hvperpigroentation or vitiligo. 

3 Critically ill patients with septic shock, who arc unresponsive to fluid 
resuscitation and inotropic medications (in this case, adrenal crisis can be 

caused by bilateral adrenal hemorrhage). 

4 patients on or withdrawing from chronic treatment with corticosteroids. 

especially if exposed to stress. 

5, Patients with other autoimmune endocrine deficiencies, such as type l diabetes 
mellitus, hypothyroidism, or gonadal failure. 


In neonates: 




r 

i 

v 

i 



•Neonates with the above symptoms and signs should prompt consideration ot the 
diagnosis of congenital adrenal hyperplasia <CAH)due to 21 -hydroxylase deficiency. 
or(vety rarely) other causes of adrenal insufficiency 
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, r of lite Affected 

Adrenal crisis usually presents between the tirst an ou _ 

females will have ambiguous genitalia; males usually ha\ v no 

abnormalities. 

. The presentation of adrenal crisis in an infant may mtnuc that ol P> ^ ^ 
However, infants with pyloric stenosis typically have hypoka <.mic a 
than the hypokalemic acidosis that is typical of adrenal cns\s 

Evaluation : 

doses of corticosteroids, as outlined below. 

•Baseline blood sample* should be drawn for subsequent testing for electrolytes, 
glucose, cortisol and other adrenal steroids. ACTH. and renin, pnor to the 
Ministration of corticosteroids. Treatment should no, be delayed pendmg resu s. 


Treatment; 

intravenous fluids 


Fluid requirements: 

Maintenance = 100ml kg day for first 10kg body weight. 50ml kg. day tor next 10kg. 
25ml Tg day for each successive l Oka 

Deficit = 100ml kg for 10% dehydration. 60 ml kg for 6% dehydration and 3Qml/kg 
for 3% dehydration. 

Shock or severe dehydration: 

] Give isotonic saline (0.9% saline) bolus at l0-20ml/kg during the first hour of 
treatment. This may be repeated until circulation is restored. 

2. Replace remaining deficit ■-*- maintenance fluid requirements evenly over 24 
hours. Commence this rehydration with Plasma-Lyte 148 (or Ringer solution) 
and 5% Glucose. If potassium is high, use 0.9% saline and 5% glucose. 
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3. Check pH. electrolytes and glucose Irequently 

. Blood gases and UBS hourly X 2 hours: then 2-4 hourly once 
nonnoglycaemic and acidosis correcting. 

. Electrolytes: 2 hourly initially (more frequently ifsigniftcant 
hyperkalemia - see below) 

. Interval can then be extended once glucose stable and electrolytes 
normalizing. 

4. Avoid rapid rise in serum sodium. 

Moderate dehydration : 

, Normal saline 10 ml-kg i.v. bolus. Repeat until circulation is restored. 

. Administer remaining deficit plus maintenance tltrid volume as Plasma-Lyte 
1 4s ( „r Ringer solution) and 5% Glucose (unless hy perkalacmic I evenly over 24 

hours, 

• Check blood gas. electrolytes and glucose frequently as above 

Mill! or iifMkhvdratimi: 

• No bolus. 

. M .5 times maintenance link! volume as Plasma-Lyte 148(or Ringer solution) 
and 5% Glucose (unless hy perkalacmic) administered evenly over 24 hours. 

• Check electrolytes ami glucose frequently as above clinically indicated 
* Note: 10% dextrose may be required to maintain normoglycaemia 
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2. Steroid replacement 

l. Give [V bolus of hydrocortisone he mis uncinate tSolu-C octet) immediately {dose 
for age as shown below). I f IV access is no! immediately available, give !M while 


establishing intravenous access 
2. Follow with hydrocortisone hhourly IV. 

Neonate - 6 weeks 25 itig l.V and then 5-1 tt »>(! every h hours 

6 weeks up to 3 years 25 mg I V Initial dose then 1 mg every * hours 

Children 3 1t> 12 years 50 mg IV initial dose then 12.5 Irom 3 :6 years and 

25 mg from 6: 12 years every 6 hours 

Children and adolescents 12 years and older; 100 mg IV then 2? mg every b 

hours 


*> Alternatively, the dose may be based upon body surface area (50 to 
100 mg/m2) 

3. Electrolytes: 

❖ If hyperkalemia is present, perform HOG to evaluate: initially a tall peaked T 
wave with shortened QT interval, followed by progressive lengthening of the 
PR interval and QRS duration. 

... |f these changes are present, treat with insulin and glucose infusion, with or 
without other measures to treat hyperkalemia (See part I ) 
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AdRlHi irtyflldWt) 

4. Switch to oral steroid therapy: 

. When child is stable, reduce the IV dose, or if tolerating oral medf. switch to 
triple dose oral hydrocortisone replacement ( 3fl-5Unig m2 day ). 

- This can then be gradually reduced to maintenance levels 110-15 mu rru day 
in primary adrenal insufficiency, or 6-8 mg'm2 day in secondary adrenal 
insufficiency) over about 5 days. Endocrinology team will advise on dosing 

schedule. 

Mineralocnrtieo id replacement: in patients with miiwralocorticofd 
deficiency start fludrocortisone at maintenance doses (usually 0.0> - 0 1 m S 
daily) as soon as patient can tolerate oral tluids, 

- NB- Prednisolone has little / no mineraloconicoid activity 



mi 

mi 

mi 

m i 

m\ 

m i 
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AcuLcUvcl I'ailurC 


Acute Liver Failure 


P 


Definition: corrected by vit. K) With (if 1NR 1-5-1-9) °f 

Without" inN°r> 2) encephalopathy in a child with no evidence of a known 
previous chronic liver disease. 

Stages of hepatic encephalopathy: 


I* 


P 


P 


Stages 


Symptoms 

Periods of 

lethargy, 

euphoria, 

reversal of day- 

night sleeping; 

may be alert 

Drowsiness, 

inappropriate 

behavior, 

agitation, wide 

mood swings, 

disorientation 

* Stupor but 

a reusable. 

* Confused, 

incoherent speech 

• Coma 

• |ya: responds 

to noxious 

stimuli 

• IVb: no 

response, 

A B- n i jT. LX 9 “ : a |"| J™| 

Signs 

# Trouble 

* Asterixis, fetor 

• Asterixis, rigidity. 

* Aretiexia, no 

drawing 

hepaticus. 

hyperreflexia. 

asterixis, 


figures, 

• Performing 

incontinence 

extensor reflexes. 

flaccidity. 

BEG 

nicntsu 

• Normal 

• Generalized 

• Markedly abnormal, 

• Markedly 

slowing, 

• q Waves. 

triphasic wave. 

abnormal, 

bilateral 

slowing 

t d waves, 

electric 

cortical 

silence. 




P 
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i 




i 

i 
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* Italicfilrt in guide i I cmvplwlnpiiiiiy 
pmhntil) imiiluiliMi 


4niulil ti< m.iMiif"'I HI *i-p‘i|■■ I 

..I,, mill I., rrlfllltgl A ff* PIC I * 4mi * 


Mu ll il^f 111*11 I 



I. IIImIim v 


l 1 

iry IkniK* 

f 

1 „ Hhtcjfy of: 

l .Laustts: 




• hav,hbv,hcv* 

* 

... 

• Netirfitteveiopment.il 

• EBV f CMV, HSV 


jllli i'.L i 1 Ilium III i .ttn.fl 

delay, 

* HLH. 

• 

Maloti.e 

• School problems 

• Heart fallur e 




(shot k liver) 

• 

KoniaiNil 

• LrtharfcV 

pancreatitis, 

« 

Na valproate 

• Sleep ravers M 

• Autoimmune us 




* If Infant: 

* 

Herbal 

• ifUeUei tual Impairment 

Galac tosernia 


uJppleinenl*. 

* Personal i hinges. 

* Tyrosinemia, 




Mitoi hondrlal ds 

* 

Mushroom 

• Writing deterioration 


and UCD. 

* Wilson’s ds 

* Sepsis, shock, 
MOF 

* Cerebr.ii edema, 


www.Medicine4u.net 






II O/E 


r 


Vital data 
♦ RB S 


* CRT 

* GCS 



♦ Flapping tremors 
♦Pupils 


Jr 

1, Laboratory 


III. Investi«;ttmiis 


1 


For disease: 


"p ^ 

For causes: 


• CBC with reties 

• PT, PTTJNR 

• Liver profile 

• s. Albumin 

• Renal profile 

• Na, K, Pqa, Mg 

• NHj 

• S. lactate sod Pyruvate 

• ABG 


2. Radiology 

* PAU/S 

* Fundus examinatkm 

* ± CT brain 

* Slit lamp. 


* Cultures 

* Viral marker 

a. HAV IgM, HBsAg, HBcAb IgM, 
HCV, Ab 

b. Serologic & PCR for HSV, 
CMV, EBV 

* Toxicological screen, e.g, 
Acetaminophen level, valproate 
level. 

* Amylase. 

* Autoantibody Igs. 

* Ceruloplasmin. 

* Metabolic screen (infant). 

* HLH markers Is.ferritin, 
fibrinogen, TAG) 

Assess for the need of liver transplantation by the hepaiologisl. 
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IV. Treatment 


Ryle, urinary catheter 


11 Position; 20° + 
2) fluids: 


Insert 


■» ± Central line 


Amount; according to pi's hydration slate 

Aim: to maintain circulation, adequate intravenous volume & blood picture 


Warning: avoid +ve balance (cerebral edema). 

Type: * Glucose: Saline = 4:1 10-25% Clu i K maintenance 

* Stop proteins till stabilization 
3) Drugs: 

* Vitamin K IV 2-10 mg daily. 

* H> blockers: 2-4 mg/kg/da> (8 hrs) or PPI: 1-2 mgAg/D (24 hr). 

* TV antibiotics 

+ IV antifungal 


+ IV antiviral e,g, acyclovir 2(1 rpg/kg/ds(8hrs) in . 


a) ifHSVPCR + ve 

h) Tor 1st 5 days in immunocompromised pis 


c) Infancy 

d) Cutaneous manifestation of herpes infection 

• Intestinal antiseptics: 

Neomycin oral/Ryle: 50-100 mg/kg/day 
+ Lactulose: 03 - 0.4 ml/kg 3 times/day 2-3 motions/day 


4. Management of cerebral edemai 

I Avoid fluid load, hypoglycemia, hypotension, hyper or hyponatremia avoid 

hepatotoxic and nephrotoxic drugs. 

H I Avoid sedation unless intubated 
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2 . Give mannitol 0.5-1 gm/kg every 4-6 hrs. 

3 . No steroids a$ brain dehydrating measures, 

4. Seizures should be treated with phenytoin and benzodiazepines with s ort 


half life as midazolam. 

N U.: Trophy lactk phetiytoin isn't recommended. 


5. Maintain Hpi''? 

. Dopamine 5-20 mic/kg/niin or noradrenaline 0.1-2 mic/kg/mm 
• ±Terlipressin, 2D pg/kg/ds evciy 4 hr?.. 

. ± Steroids hydrocortisone if res,slant shock 25-50 mg/ds aec. to age 

6 Blond and hluuri pr oducts iransftisumi 

. if blood transfusion is required, should be CMY -vc filtered irradiated Wood. 

- If bleeding! 

1 , Vit KIV, 

-» FFP 10 : 15 mi/kg can be give 11 every 6 hours 

3 . Cryo l unit 5 kg 

4 . Jf non-responsive use factor Vila 40 pg/kgover 2.5 mins. 

5 . PLT transfusion 6 -10 units 

If PLT < 10 . 000 /p 1 Or < 50.000/ pi (for invasive procedure) 

6 . Trane xcmic acid (dicynone) 10 mg/kg IV 6-8 hrs. 

Aminocaproie acid (cyclokapron) 400 mg/kg/day 6-8 hrs 

If no bleeding: give FFP if — ,-► 17J 5. ' 7 

I T Before invasive procedure 
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AairU lr i c j FiMii-r-; 


A 

_ 

7} tlcimtii 1 asih*-%: 

- Nii' restriction j-> not exceeding l iiiKq/kgfl3 

U Na' content of medication should he calculated 

Avoid using high Na content fluids except i f 
Highly indicated c.g. <FFP. Ringer- Saline, NaHeoj) 

- Fluid restriction 2/3 FM esp. ifS.Na v 120 - 125 miiq/1- 

[)iii relic: 

1. Spiromd octane 2 mg/kg/D t i:vcry 4 days to reach max. 

Aim: 1) to reach -ve balance z ml/kg/d ay 

2)To avoid dehydration and renal impairment 

If no response; 

2. Loop diuretics with ratio 2,5 ; 1 {aldaclonc : Lasix J 

If no response: for I wk-> manage as refractory ascites. 

3. I bet.!rapeMtic paracentesis: 

* Volume 1 fJEi ml/kg or total 

» (live ft-8 g/L albumin of removed ascites, to be give towards the end ot 
tapping. 

Nutritional support: 

| Calorics 20-30%, 

Protein: 3-4 gm/kg/D (non-ecephalopatbic), 

:0,5-I gm/kg/D (enccphalopathic) 

- Albumin infusion: 

IfS.albumin^ 2,5 g/dl or with tapping , Dose : 1-2 gm/kg/ds 

- If suspecting SBP: give 3 ri1 generative cephalosporins till C &S. 
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Acute live* fciliiK 


...rf Tir*- tv-""*--! 

m Asscssmciu of*** ABC * "* 


( 2 ) 


b) 

c) 


d) 


(3) 

(4) 

(5) 

(6) 
( 7 ) 


( 8 ) 


PI 

PI 

PI 


rale). 

Immediate resuscitation^ 

a) Ensure proper IV access. 

Airway protection with massive bleeding especially ,f comatosed. 

Fluid resuscitation in form of crystalloids 20 ml/kg over - - 

(then repeat if requ ired) followed by ^ 

PRBCs transfusion (don’t exceed Hct around 30 or I Ig S *)* 

Naso-gastric lube (safe & essential) for gastric washing using D 5%. 

PLT transfusion if less than 50,000/dL* 

Give konakion, FFP, Cryo ± (factor Vila: if non responsive). 

H 2 blockers or PPK 
S a ndostat in con ti nuous in fusion: 

1-5 pg/kg/hr | max 25 gg/hr) and continued for 3-5 days 

A bolus 1 jig/kg may be given iV before infusion. 

Endoscopy: once the patient is stabilized diagnostic 

Therapeutic. 

Acknowledgment: 

This protocol was summarized from the protocol of Hepatology Clime ASU. 
under superv ision of Prof, Tawheda Yassin and hepatology clinic team. 
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'EltUZYglBTICy MUfUl0S7tl€Ylt of 

Meta&odc 'EncejtfuiCqpatfiuts in 

cfiiCcCren 



SoCaf M. lisayed 
Trof of medical Qen&tics 
Mn sfiams liniversity 



To those residents Ik the frcmt-Rne (Tmergency room) 















Therapeutic ( hissillca<i»iis of InlM.i n Errors of Metabolism 

in- vn 


Ittbfirn errors of metabolism 


i 

_ Organ ells 

Smut! moltcub 


Disorders of intoxication inf Hieratic? 



Hepalic 

Cardiuc 

Neuro deterloritlop 

failure 

failure 


▼ 



This booklet will include management of this part only 


Intoxication is tluc to: 


I r ■ 'Notts ifttitki 1 of relatively larger amount ol protein than 
the ability of body to metabolize. 

2. Endogenous breakdown of protein during episodes of 
catabolism (stress): infection, surgery, fever. 














































Ciinicafscenarios 


• Either first presentation of healthy neonate, infant or child or a 
decompensation of a patient with known IkVl 

» Neonate or infant with poor suckling lethargy convulsion or sep>< 

like picture 

• An infant/ child with persistent vomiting and acidosis 

• An infant/child with encephalopathy (encephalitis like picture) 



first 

presentation of 
healthy 

neonate, infant* 
child 




If (hen is any doubt at ali the child mast he admitted, even for a short 

period of observation 



tvirft myUtst wufif*: SpfciJ H 

www. Med i c ine4u. net 












































XamuiC amnumu* vaiues 



mul/l.. 


|[talih> «hiW 


He a it hi fuJI 
itrm ncdwtt 


Itealiby 

Prrm»lurr 

nrimwlc 


Srjilk n#oW** 
Children with 
mitil ■*«* 

cydt 


Nc->n-ir» *« 

1 KM 

{ hihlrcii^ii 
y[ ildttriPB 
trisw* 


L dually Acquired: lll»t«. ^P* 4 * 

li»?r d yi fti tttl Ion 


'Pr ecau tions in taking sajrtfifksjs^ awrnon 

A free-flowing venous (or better ^ enB '. ) 
should he collected on lithium heparin or LD1A lu . 
Sample should be transported immediately on to lab. 
Separated within 15 minutes and analyzed immediately . 
Once plasma is separated, the ammonia is stable tor 4 hours 
a: 4 ° C and for 24 hours at -20° C. 


Titfatts in taking sampks for ammonia 

* Difficult sampling and hemolysis can cause lalse increase. 

. The ammonia of standing Wood increase spontaneously due 
to: generation and release of ammonia lrom RBt s and to a 
lesser extent, from deamination of amino adds by enzymes 

in circulation 
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Titfafls in me asurina_fa£taU 

• Arterial samples are more reliable 

• venous obstruction by tourniquet* crying, or brent i 10 11 -~ 
may increase plasma lactaie concentrations by two- to three 

folds!! \ . . 

• Serum lactate can also be increase in hypoxia, infections, 

convulsions, cardiac disease 


'Ex tend edMetaBoQc Screen fEMSl usmg_Ta_nde m 


Mass Spectrometry (TlMS) 


• |-'ew drops of blood on special Idtei papei 

• If Hirer paper is not available, take one ml on heparin (green 
lop) mix: and keep ii in Fridge (not freezer). 


Compounds currently screened by EMS 

1- Aminmicids profile screen for: 

- phenylalanine (high in Phenylketonuria) 

. Tvrosine (high in Tyrosinemia) 

- Citrullin ( low in OTC, high in citrullinemia) 

- Arginine {high in Arginase deficiency) 


2-. icykarnltine profile screen for: 

- I'atty acid oxidation defects 

- Organic acidemias 
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Tear(s in management ofITM 



SnppoNive C;* re 




Aggressive treatment before the coofirmation of a diagnosis 
nw be lilesav ing and may reduce the neurological squeals 
of some of fhese disorders 


IV'iffi my Stir iviiftp*: ScUdf .'f. IfSti’Vi'it 
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1- Supportive care: 

* Most patients will need re hydration, adequate • 

correction of acidosis, electrolytes, calcium, an 

phosphorus. ,. , 

* Most patients have functional immunodeficiency w IC1 
can result in persistent catabolism and therapeutic failure 
and so infections musi be prevented and properly treated 


2- Nutrition: Extremely impnrtanl 

• Stop incriminated substance (protein), for not more than - * 

hours 

* Supply a good source of energy (IV glucose 10%) 

3- Specific therapies: 

.This is used for some disorders and includes substances 
that enable ammonia excretion (Ns benzoate), carnitine. arm 
vitamins (Cofactors). 



failure of supportive 
care (No improvement) 
after24 hours 
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Im ar 0 ency Managenun, cfXIMVIMiHOS™ 
InB&m errors of metabofism 


i ?fesSE2£SSft*- — - 

prevent further catabolism 

1 Enhance the excretion of toxic metabolite*. . ■ ,t 

4 . Co-factor therapy for specific disease and also emp.ncally 

if diagnosis not established 

5. Symptomatic and Supportive care 


Steps 



insert a cannula and pul a urine 


bag 


Take samples for basic 


investigations 



Therapy accord nig to results of 
basic investigations 



Diagnosis 


Therapj according to specific 
investigation /diagnosis 


With rM V Itttl Vfdifli: Spirt/ W- 


WWW. 



i.net 





























































5f<xw to achieve Aims 




l- Stop toxic metabolites 

* Stop protein intake 




2-Prevent further catabolism 

* Provide adequate calories by the n deficit 

pedLanwnt solution. (2 ml/kg over it* minutes i 

and maintenance pediamenl solution >« 

• s *** 

gradually with normalization of blood glucose 

3 . Enhance the secretion of toxic metabolites 

. 1 .-carnitine (IV or oral) 100 -200 mg/kg/day in 3*4 divided 
doses 




Vitamin Bl and Bfi : 100 mg'day each (Neurovil or 

neurobione) 

. Vitamin 02 UQOmg'day , 

• Vitamin B12: Hydroxycobolamine (Depovd mg da, 

. Biotine: Biotine fort: 10 -20 mg day 

supportive care 

• Correct dehydration (always needed) 

• Correct acidosis if present 

• Correct hyperammonemia it present 

• Correct hypoglycemia if present 
. (iivc antibiotic (always needed) 

. Give anticonvulsants if needed 


11 Ifj* thnj -HdW lfitfr**: '* 
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^ ‘Msefyi ch&ckjht 


l- Insert an 


|V ■Jfces* atl< l U urine ha&. 



2- Take samples 

ft p-« y- laboratory investig ations 


• Blond gases ana pn 


s and pH. anion gap (venous) 


• Am mon ia 

• Lactate _ 

• Serum glucose and urine ketones. 


CBC, CRP 




. ALT, AST 


• Creatinine, urea, uric acid 

1 _ ___—--- i “" 

* Coagulation studies 


n laboratory investigations: 


Ur> n«l « nil 
fur ihe urine 
141 ifift l' 

fluid* 



* Extended (expanded) metabolic screening 
(blood on filter paper or keep I cc blood on a 

heparinized tube) 



Urinary organic acids including orotic acid 
(First voided urine) 

keep it in the freezer if the lab is dosed 




Wjf ri mv »CJI n StfafM. Etmytd 
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3- Emergency Irearment: 

Fal should not he given till KAO defects have *■ 


1. 


Stop intake of all potentially toxic 
compounds (mostly proteins) for nm moi e 

than 24 h ours. _ _ 

Give glucose infusion of a 10% solution 
or pediament (2 ml/kg over few m mines 
Then correct deficit and give maintenance 

solution __—--s 

Give L carnitine IV or ora! at a dose ol 
200 mg/kg/day in three or lour divided 

doses 


Give vitamins Bl, B2, B 6 (100 nig/day 
each or neurovit or neurobione). 

Also, R12 hydoxycobolamine (Depovit) 

1 mg /day 1 M 

And biotine !0 mg/day (biotine fort) oral 
or IV 


7- Symptomatic and supportive care: 

* Correction of dehydration 

* correction of hyperammonemia 

• correction of metabolic acidosis 

# Treatment of conv ulsions 

• Give antibiotics 


* Do not stop IV glucose of hyperglycemia develops. 

• Start insulin at a dose of 0.01- (1.1 units/kg/h with 

close monitoring 
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Treatment oJ_ fi^perammonenud 


You have already stopped protein inlake 

Give Sodium benzoate or sodium phenylacetate 250 mg . B, a* ■ P" ^ ^ 
infusion in a 90 minutes period. Then 250 -500 mg %/ y 
maintenance. 

You can add lactulose and neomycin/flagyl 

1 r ammonia level is > 400 u mol L or if its level does not Wl 

conservative treatment in 24 hrs, peritoneal dialysis should be start . 

i F.niral nutrition (with restrictions) should be started ASAP > . 

emml slow drip feeding via nasogastric tube with mm.mal amount o. 
protein (0.25 gm Kg ■ day) during the fust 24 hours of therapy. 


Treat me nt of metaBoCicacuCasjs 

i_ Correct dehvdratiou , 

v. if acidosis persists after correction of dehydration, give sod.um 

bicarbonate if the pH <7.2 or the pH is deteriorating rapidly or the 

base deficit is greater than 10 mmol/L _ 

3* G i V e a half correction [0.6 x body weight x base deficit] with sodium 

bicarb on ale over at least 3U minutes. And reelic 
4 - Repeat once if necessary and keep an eye on plasma sodium 
concentrations. Aggressive therapy with repeated boluses of i\ 
bicarbonate may induce hyper n at raemia, cerebral joedema, and 
even cerebral haemorrhage. 

s >- If no response* and the patient is well hydrated, nave no 
cardiomyopathy or pancreatitis* ( ALL for peritoneal dialysis and 

ventilator support 

& 
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Mamflenwnt of specific diseases 

V re » ryrCt dkfeet d ue tL&IC Uefuirm y 

Dfcomptnsation is often triggered by metabolic • JJj 
illness, fasting and any protein loading but wawtimea then . 

iippmvill ClllISL'p 

Early signs of decompensation may be subtle: voiiniing. lethargy, 
loss ill' appetite or exacerbation of pre-cxilim 1 . neurologic 
problems (Irritability, llts, etc) or Just does not lerl ok, si ^ 

stages the ammonia is not so increased beenuw I o . 

accumulates first and leads to cerebral oedema. 


Always listen hi parents t andiUll, 



S i„ r , this ircatmeni if the patient is obviously unwell, vomiting 
drowsy»uncooperative or is hcliiiving 
Ho iHil ddUiv il vtni ytn - 1 umcriutn 


1 insert intravenous cannula and send blood for plasma 

ammonia urgently and also Ibr urea, electrolytes, glucose. 

CBC, blood culture. 


2 Stop Intake of protein 

Provide adequate calorie. Iluids and electrolytes IV: 

Glucose 111% at 2-5 ml/kg/h, until the maintenance solution 
is reads (Pedtamenl): Quickly calculate the deticil anil 
maintenance and prepare the intravenous fluids, i 

hyperglycemia develops, start insulin as indicated bdoie. 

4. Give loading dose of sodium benzoate 250 mg/kg (added n> 
glucose over 1-2 hours) then maintenance sodium hen/oate 

250-500 mg/kg/day, 
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5. Arginine {Note: some parents earn supplies ot these k 200- 
600 mg/kg and maintenance of 100-170 mg/kg day < some 
patients may need up to 400-700mg/kg day j 

6. Prevent constipation by giving lactulose 

7. Carnitine oral or JV at dose of 100 mg kg day 

8. Give antibiotic and properly treat infection. 

0 Potassium should be added once urine ilrrj. norm J 

plasma potassium concentration is known. 

If ammonia level is more than 400 u mol L or if its lev el doe^ 
not decrease with conservative treatment after 24 hours, 
continuous venous hemodialysis or haemoinfiltration or 
haemodiafiitration, peritoneal dialysis should be started 
depending on the local availability of the method and the 
experience of the medical staff. 

Monitoring: reassess every 4-6 hours or earlier if there is 
deterioration of clinical status. Assess using both Glasgow coma 
scale, ammonia, glucose and electro!) tes 

Re-introduction of enteral feeds : as early as possible w ith small 
amount of proteins 0.25 gm/kg/day and increase gradually 
according to clinical! and laboratory status. If enteral feeds 
cannot be introduced within 48 hours start total parenteral 
nutri tion [TPM carlv to avoid malnutrition. 


// there is any doubt at ail , the child must be admitted . even 
, f or a s h or t period of observation 
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Pearls in 'Emergency Management of Organic 

acids disorders 

For many organic acid disorders, early frosts and treat™* 
can significantly change the outcome of the patient, 
outcome is noted in most cases when the mfantts ptmue 
protein diet and carnitine supplement ton. hot som<,g 
acid disorders, additional dietary supplements and or 
are recommended. Aggressive treatment during melahohc crises, 
including glucose administration, is recommended. 




lew protein 

il E_ 





/ 


/ 
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MMA is caused by a deficiency of mcihylmalonyl i <>A 
an enzyme on the catabolic pathway of pmte.n muabohsm 
(methionine, threonine, valine and isoleucme) am <■ 
side chains, odd chain fatty acids and free pmpmmrte t mm K 
gut. The co-factor for the enzyme is a derivative i.l v u, 

j liy dr oxocobalam i n )< 

Decompensation is often triggered by meUbolic stress such as 
febrile illness, particularly diarrhoea or vomiting, las b 
constipation, but an obvious precipitant cause is not al». ■ 
apparent. I al ly signs of decompensation may he sul tie, 
lethargy, decreased appetite, irritability or just “does not look ok . 
Vomiting is common and should always he taken sci uhis > - 


lease ahvuvs listen Hi limits Larcfulh 


* Dehydration is a common problem because of the renal disease 

and polyuria. 

* Emergency treatment should be meticulous as there is a high 
risk of serious complications like eiii cnhalon alliv, Mroke like 
episodes metabolic acidoMs. pancreatitis and 

card iom vo noth v, 

* Start this treatment if the patient is obviously unwell, 
vomiting, drowsy, uncooperative or acidotic. Do noi dihiy \J 

v11it ai t uncertain. 


i ft 
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S—* p«. “r* jrjSiJv«—- -*•- 

2.Stop protein intake W <>"» more "'*“ 48 ’ < . [ye 

3 . Provide adequate *d«** J^ovcr^Sv*^™^ l,mil * e 
Glucose 10% * -'. ' d ; (Ped iament): Quicklv calculai. 
maintenance sollution m* d J c thL . intravenous fluids. 

4.Give L- Carnitine ora, or IV at^ 

doses, (some bv a continuous infusion of 

over 30 minutes tonovtcu 
4 mg/kg/hour as a maintenance} 

5, Correct metabolic acidosis as described before. 

6. Correct hyperammonemia as described before. 

7 Give Metronidazole 7.5 mg'kg per dose 8 hourly 

ft If the oatient is vitamin 13,2 responsive or B,: stains ,s not 

I 8 -give h> dmocobalamii. 1 m* intramuscularly 


9 Treat any infection with proper antibiotics 
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|IJ T I real constipation (which increases propionate absorption 
from the gut I. 

11, 1‘ulassium tan be added, if appropriate, once urine flow is 
normal and the plasma potassium concentration is tiown, 

** Pancreatitis is suspected if there is abdominal pain, shock 
out of proportion of other symptoms or hypocalcemia. Check 
plasma lipase and amylase and arrange for abdominal 
ultrasound. Plasma lipase and amylase activity should he 
repeated as these may not he raised, particularly at an early 

stage* 

**CardiomyopaShy may develop l or no reason at any time. H }ou 
suspect cardiomyopathy arrange for Echocardiography and call 
for cardiologist. 

Monitoring: reassess alter 4-6 hours {or earlier il there is an) 
deterioration or no Improvement}. This include: clinical 
assessment with Glasgow coma score, blood pi I and gases* 
ammonia* glucose, lactate* urea and electroly tes, full blood count, 
calcium, phosphate, ALP and amvlasedipase if pan creatitis a 
possibility , 

i:literal feeds with some protein should he introduced as early 
ms possible* as this allows a much higher energy intake and 
reduces the risk of malnutrition. If enteral feeds cannot be 
introduced within 48 hours start total parenteral nutrition (TPN) 
early to avoid m a lnutrition. 

Medicines 10 lie avoided - Sodium Valproate 


If ihere is any doubt at all. the child most he admitted, even 
if only lor a short period of observation 
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'Th'njjumic acide mUi 

It is one of the protein IBM caused by a deficiency on propionyl 
CoA carboxylase, an enzyme on the catabolic pailn.a; <> 
aminoacidst isoleucine, valine, threonine and methionine) as we 
as cholesterol side chains, odd chain tally ;| tu. ■ an 
propionate from the gut. 

Decompensation is often triggered by metabolic stress such as 
febrile illness, particularly diarrhoea or vomiting, fasting, or 
constipation. Decompensation may be manifested b\ let argy. 
refusal of eating, irritability or just ‘not right 1 . 


Please, always listen to parents carefully, 

# Emergency treatment should be meticulous as there is a 
high risk of serious complications like encephalopathy. 
strike like episode, metabolic aci dosis, pane real it iv and 

cartlioimonulhv, 

• Start this treatment if the patient is obviously unwell, 
vomiting, drowsy, uncooperative or acidotic. 1><) mti di-ia> 
il ymi are uncertain. 


] Insert intravenous cannula and send blood for plasma 
ammonia, pH and blood gases and glucose urgently. 
Please ask also for CBC, lactate, electrolytes, creatinine, 
amylase, calcium, phosphorus and alkaline phosphatase. 


2. Stop protein (for not more than 48 hours). 

3 Provide adequate calorie, fluids and electrolytes IV: Give 

Glucose 10 % at 2-5 ml/kg/h, until the maintenance solution 
is ready (Pediameni): Quickly calculate the deficit and 
maintenance and prepare the intravenous Hinds 
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4. Correct metabolic acidosis as described bet ok 

5. Correct hyperammonemia as described before 

6 . Give Carnitine oral or IV at dose of 100 - 200 mg/kg/day 

7. Give Metronidazole 7.5 mg/kg per dose K bouiiy 

8 . Treat any infection with proper antibiotics 

9. Treat constipation (which increases propionate absorption 
from the gut). Do not use lactulose as this can be fermented 
to propionate by gut bacteria) 

10. Potassium can be added il appropriate, once urine flov\ is 
normal and the plasma potassium concentration is known 

ParuTCiititis is suspected il there is abdominal pain, shock out 
of proportion of other symptoms or h\ pocaleemia. Check plasma 
lipase and amylase and arrange lor abdominal ultrasound. Plasma 
lipase and amylase activity should he repeated as these may not 

be raised, particularly at an early stage, 

* ^Cardiomyopathy may develop tor no reason at any time. If you 
suspect cardiomyopathy arrange Tor Echocardiography and call 
for cardiologist. Cardiac arrhythmias, notably long Q-1\ are an 
important complication that may be responsible for sudden death. 
These may vary from lime to time so all sick patients should be 
on a monitor. 


Monitoring: reassess after 4*6 hours (or earlier if there is any 
deterioration or no improvement). This include; clinical 
assessment with Glasgow coma score, blood pH and gases, 
ammonia, glucose , lactate , urea and electrolytes, full blood 
count, calcium, phosphate, ALP and amvlase/lipase if 
pancreatitis a possibility . 
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cyr!y to avoid maJtiulf itiwn. 
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, of iso^atcry^ CoA 
Isovaleric acidaemia is caused by a path* •> “ f 

dehydrogenase, an enzyme 01 . ' *‘auction oHsovalene 
leucine. Treatment is aimed at re ^ # treated " 

and increasing its removal. l h jam 
protein diet, glycine and earn 


protein uiei, uv''* c ^ such as 

Decompensation is often u '^ U L ; vom Uing. l ” 

SS^3w* i« 


. ^listen to parents carefully- 

please. ,IH,C 


- „ hvious iv unwell, vomitin'--1 

Start this 


- . and send blood for P lasI ” a 

1 insert intravenous cannu < * glucose urgently. 

I. Insut in blood gases *" a * crea tinine 

ammonia* P H rnr i ac tate, elcctroh 

2X££E-. p“" to ' n5 - tW 

,1 _■ IK hdlirsV 


2. stop protein (for not more than 4 S ho 

. * _ J « 1 J -i t 1^ 



2 . Stop prom- v- , V; GWe 

3 . 

is*ss&&2-~ 

■ 1_ .1 Urtfrtrf 


4 Correct metabolic acidosis as described before 

1 u jpi Up 1 


4 . torrs^ ■■■— 

5> correct hyperammonemia as *** 


WWW. 







6 , 


Give Carnitine oral or IV at 


dose of 100 - 200 mg/kg/day 


7. 


Give Glycine via nasogastric tube at a 
day. 


dose of300 m& kg per 


8. Treat any infection with proper antibiotics 

9. Potassium can be added, it appropriate, once urint flow 
normal and the plasma potassium concentration ts know 


** Pancreatitis is suspected if there is abdominal pain, shut k"ut 
of proportion of other symptoms or hypocalcemia. Check P asim1 
lipase and amylase and arrange forabdonunal ultrasound. ” lasn 
lipase and amylase activity should be repeated as these may no 

he raised* particularly at an early stage* 


Monitoring: reassess after 4-6 hours (or earlier it there is any 
deterioration or no improvement). This include: clinical 
assessment with Glasgow coma score* blood pi l and gases, 
ammonia, glucose* lactate , urea and electrolytes, full blood 
count* calcium, phosphate, ALP and_ amylase/lipasc if 
pancreatitis a possibililN . 

Enteral feeds with some protein should be introduced as early 
as possible, as this allows a much higher energy intake and 
reduces the risk of malnutrition, if enteral Ibc d s cannot b e 
introduced within 48 hours start total parenteral nutrition (TPNl 
early tp avoid malnutrition. 


IF there is any doubt al all. the child must he admitted, e\ en 
if only necessary for a short period of obser\ ation 
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r hrancVied 

MSUD is disorder affecting the & Valine), 

amino acids (BCAA: Uucme. |S the result of 

Encephalopathy in decompens. P ine) which arc to\i«. 
accumulation of the BCAAso hypogl—■ 
at hi gh concentrations. 
tavperanunnnaeiim or Hi it ■ 


tavperammoii*«™--- - 

>ihv metabolic stress such as 
Pecompeanaiitw oftCr ! l ? 3 ^ tr0W ierilis or fasting b, a an 
febrile 

obvious cause is ™t aWa! 


ODV 10 US cauat « — - ■ 

*nnt rmht\ voitii* in l 1S 

.*e» * 


. i icten ♦ " narcntsjc arcfuijy 

pin " ^" 3V * MSlSBJitJ- 


pifa^g Abvaj s_ki 3 tv»- 

frealftte/tt a —~ 


■- , nr „ moting embolism hi providing 

ii-id formula. . ,, r restricting ‘natural protein 

Rf4A levels by stoppms » r rtsl . is „i e ncrne nndl 

aminoacids. 


—gj £££?£■* "-y? ** 10 ' 


2. stop prtrtcin intake 


Wirf. -v *«* 




www.Mediciri' 





>■ gf* 5 m£ is 

«£>•; (Pediamem): Quickly fh*h 

maintenance J n ,. .. iivncrglvccmitt 

Hyperglycaemia can be a problem. H liypergj 

developed start an insulin as indicated In “ rt - 

4 Potassium can be added, if appropriate, once urine flow * 
normal and (he plasma potassium concentration is known. 

5 , intra-lipid may he added 2g/kg/d (U. 4 ml/kg/hour of 20% 
solution). 

6, Treat any infection properly 

7, Potassium can be added, if appropriate, once urine Ilow is 
normal and the plasma potassium concentration is known 

Monitoring: Reassess after 4-6 hours or earlier if there is any 
deterioration or no improvement call lor peritoneal dialysis 

ialthough less efficient than hemodialysis). 

Re-introduction of enteral feeds: enteral feeds should be used 
as early as possible to promote anabolism and protein synthesis. 

The BCAA free aminoacid mixture should be giun as 
tolerated and natural protein introduced adjusted 
according to the plasma BCAA concentrations. The branch 
chain aminoacid free aminoacid mixture should he added 
starting with a low dose 0.5 g 'kg/d. Ibis should be ineleased 
as quickly possible to 2 g/kg/d. 


If there is any doubt at all, the child must be admitted, even 
if only for a short period of observation. 
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l'l! i if ft !"■ av,t listctLiJ1 


C ects 


■ML 


jireiitstartiliUi 


i v>v metabolic stress such as 

Decompensation^ otton particularly vomiting amt 

fchnle illness, infceuons st P encep halopathy and 

diarrhea can «“>' * 

The major compUcations^e^ncep^®*^^^^^^ 

I cardiomyopathy, hypogly«a«®“ 


Treatment aims: 

[ To restore carnitine con^entratioi 


? Reduce mobilization or lat by providing 
enteral or intravenously. 
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Star I this treatment if the patten! h obviously unwell, 
vomiting drowsy* uncooperative or add otic- 1><« i'id r h liv — 
\<>u arc uncertain 

1. Insert intravenous cannula and send Wood pH and Wood 
gases ( fliieose f laboratory and bedside strips CBC t treat]nine, 
electrolytes. 

2. Provide adequate calorie, fluids and electrolytes J V ; f^ise 
GJueit W% at 2-5 ml/kg/h. until the maintenance solution 
is ready (Ped lament): Quickly calculate the deficit and 
maintenance and prepare the intravenous fluids 

V. Give Carnitine IV at dose of 100-200 mg/kg/day oral HIV 
carnitine is not available 

4. 1 real any infection with proper antibiotics 

5. Treat metabolic acidosis if present 

Monitoring: Reassess after 4-6 hours (or earlier i! there is any 
deterioration or no improvement). This include: Clinical 
assessment with Glasgow coma score, Blood pH and gases . 
Glucose, Urea and electrolytes. 

Restart oral feeds as soon as possible; once the child is has 

stopped vomiting. 


E ny doubt at all the child must be admitted, t s on 

only for a short period nf nhservatom 


2 ? 


ntif ft+tt witbf t. SeUf X- 






















(o&udnuria 


h , subtle (weakness, lethargy »r 

, The early signs may be 

‘floppiness) 

. nmrv hk carjdJiHi 
i i,i i»p meticulous a* »hm <* * 

Emergency treatment $ . including: 

high risk of serious complica circulation. vmiIi a 

. The leakage of potassium into the 
potentially life-threatening acute nypt 

* iptnia due to release of purines from 

. hyperiiricaetma out 

disintegrating cell nuclei 

■SL . •, ™v. he due to efflux from damaged 

■ ■"=«“ cMs ** i °" ** 

hypocaleieniia 


Metabolic acidosis and acidiuia 
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suit treatment immediately with the lirsl **■ ( ( 

tetetgy. nn.ol delay if Y mmeMnegfflm- IH> 

vmi see the colour of urine. 












’ lnS ° n , i, b , irpor‘'t^hospToms- acid-base 

S5«& c^mu, measurements. 

2. Maintenance of adequate B rplmHl » rine 0Ut BH l 

3 . Maintenance (laid :.t 2-^normal requirements. 

4 . Alkalinisalion **l urine, isodium t tus tl f 

U itay llVor or.,IK i'lmJinsonl^ 1 ™^^ • 
the patient), given as doses every 4 - nrs) to \ rc fc 
my oti lob in induced ratal failure. Aim to keep unnnry pH 
Abow n.5. If metabolic alkalosis develops l pH A .) 

h a theoretical risk of enhancing metastatic calcification 

5 . i laemodiaU sis may be necessary for acute renal failure. 


(i. Treat any infection with proper antibiotics 

Monitoring: Reassess after 4-6 hours (or earlier if there is any 
deterioration or no improvement). This include: Clinical 
assessment , urine output. Blood and urine pH 1 rea, creatinine, 
uric acid. ea. phosphorus* K. and CPK 
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I tj£jr{a lvvjl j m n 

rt< " . , m due U, 

inborn WWW of ved 

CS?K. 5 £££*•*..^ cu,wly ,hc 

bfeukdown products cM “ 

t**" 1 » ll,ll> ' ift ' is secondary dystonia, 

, , l4trW k n«orol«Klcul 

11 k ilianuk hy p 0 tonia. _ 

lupartmpowd •* 1 ■ 



- _ 7 1it s|iirl without delay and l 

e-«*« *■'•** t ‘"”* 1 

|gjiis£ <-> «*• -*-» ■ 


1 . 


. , sell d blood for pH and 

S „ *» «< 

■ W , n nl i,kn oi io%_klu£as£ l " 

,, iive m dose 

Sdlmml) •‘">'1 I* llrf ,di mi«** 

«*<•* y ; ,ick * ^255 n,nds. u byp»8i»«™* 

-xsjlcsu--* 

4,^01^ . . 

l 

s ('orrecl die metabolic in-toi i 
‘' ic id^sis, electrolytes, and ammonia 

,, ill 1 ** ^ 

^ iJJi mv fl| U 
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, • itu .^ e by frequent carbohydrate lec< f ! ’ 

especially liquids it tolerated. » JV ^ naso . 

m i m are avaUa ^ C ^^S^k^d but tor as short a period as 

nature is not Immediately available. 


7 , If body temperature raises above -’b- > Jj* per single 

as ibuprofen or paracetamol (each - =- . j,od\ 

dost'. 3-4 doses daily, maximum daily dose 60 mg S - 

weight I should be administered. 

8 Potassium can be added, il appropriate, once urine flow is 
normal and the plasma potassium concentration is known. 

Monitoring: Reassess after 4-6 hours (or earlier it there ** a ";. 
deterioration or no improvement!. This delude. ^ Clin ^ 
assessment with Glasgow coma score. Blood pi I and gases . 
Glucose, Ureu and electrolytes. 

Re-introduction of entcml feeds; enteral tccds should be liSL '^ 
as carl} as possible to promote anabolism and protein synthesis 


V iitnojanc acid and Vte:ihitm are (OMH V^ iMt VH 1? 


If there is any dim lit at alL the child must be admitted* even 
if only for a short period of observation 
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